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,'t Memorial Ulllnni~', tbe ' Depat t~e~(o( Fo~eat ·· FinO\lrctt aad Landi of tbe pr6viDce of
Newfooodl.ad, the Forest Peat Ma~alemel1t }~Itit~t.e: :of th~ C.Il~il.D ~oreatI'J Serv~~. Do~ r-
"Cbemlcab ofCaa,ada. DUPOll( CbemlcabJor Caaada, EIIDCD Chemleala of C:load. aDd Vebico!
Cbemk .ir. of C.llad.~ There are a few lodi"idualil I wD.\Ild 6te t~ m"cotloll bt Dame for Yario?,
rnaoDa. Dr. Fred Aldrich, Dell or School or Graduate S'ud h:a. My-primlT)' tupervisQr Dr.
Robe{t ROlcnoll tor his ~appor t aDd editorlalluidaoce; My .c~\Ipe"isor, Joseph FellS'; berbicidf :j .
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' Rol er ~e, .Dept. of Biolol)', Memorial UDi-Tert itr , for Ilia iDnluable belp.at a critie~1 tlme.
Gta rle .RoN, silTicultural apedalillt wltll ~Ile proTlacial Dept of Fored Resoorcra and Lauds,. load
_ _ ~ Rie!lar~.!?a , be~ide ud aiTiclI!!~~~~ia~ wj~t~!-£~a~~~!!.5t..,. Se_~ice f~,--",b,,,.~ _
~olia"c aupport III~llt 'fi~ld . Fruit Header of 'Atluttc SoilSUrTer . AI:ieul~lI,e CaDad.
cc•cc•
rCC"7fiC"Id_ _ ~_
cbeckllll qualitative .oil d6Criptiop alld lor lobinittio~ aoill..arilp.ie. lor qllatltitat l'e aDalrl t..
MiehacJ Rlillr, tD,itoamCII~11 biolol iat ;"}th ~h.$ pro' iacial Dept. ol. Ea,iroDmea ~ lor plalltial. tbe
proye,bialllCed lrom which ~bil projec~ Irew. ¥all lqut Mackucy ud Duu e Falrbaira 01 Dow,
. F,aDk ~Ultoll, !le ~a a~d Pollqaill aDdAUea B~O!D 01 ? lllPDDt , ria". TllrDhall l ad Ar~. Scltiiafl~a
of,Et~co: load Gordda' Gallalber ol .Vebicol for ~heir cOlleoial coo~ratioa ....corporate ,coa tactl
I.lldwi1lial ll~ to btlp make this projecl a luecm. Dr. 5, U. Kbia, ~tieide c~em~t, load pr o
M. A, Schllfher, eoilap«ialilt, both ",ltll the a;;;.iI~ry loadBioloD"R~arch Illtit~ te 11l"t:Jtt;;a
for Ibelr JutdaDce load tllcoUralemCllt I would ..tao' like ,to ~hnk an my labOratory alld field
uailtuu for tbtlt hlp ud compa.aJoalblp. AI Nilre, LorDeTallo; aDdJoe HinilUl fo~ Jbe!r' field
ud laboratory aNiitaDCe. 'r ift ",lelldt ""h~ w~re quite helpful were Lourdn Menlo load Sol .
Boeiaa hl"t.~e field, Rudy BUko~allt lor l.implitylallOme oriallic ebemist". ~rl D clpltl aDd. SUlaD
: ' Hu t aad JuaD" HOWie ror readiDl tile ml.llUltrlpi . E'errbodr la Gambo•.NewfouDdlaDd, wbo
belped IIItbe (leld ';'d ~frluded me a~ tha llted : Gerrard a~d ,Nlct Moqlue7. Cb~1 aDdDallal






Ji;b. ~ib Caine;. ·13f)'.a~ D,'e, Fred aId ~~Vid ' ~ 1II aD~ eVfl1!Jo:d' at tbe ·Gambo , lior~st r>:











































-~. ' . ..
1. OBJECT.(VES 'AND INTRODUCTION
· 1.1.lat rodueUoli' .
..:.: 1 .2.-6~~tives -:--
· · t:3."Herble,lde ClaHiricatlOa.
. 1 .~. LoeatioD
:· -q. ~lol1
~ I.CI. ReUef , ad U ,aloa, e
. 1.7. Climate .
l.7.1.Water,Bab.oce
~; 1.8. Ve&etatio ll
\ • 1.0. ~~;~l . CI:aulncatiQD •
i.O.2.Ptrmeab ility
1.0.3. Bulk Dellii ty
1.0.". Field MoistureCOl1tcllt





J . PREVIOUS RESEARCH




· 2.f. ~llehl!ioll .
· a.METHODS AND 'PROCEDURES
3.1. Site ~c let:tlol1 '
3.2.Sit.ePiepaf. tioll
3.3. Samplilll Dn llll, ,, '
3.4,SI/DpUOIProct1!u,, '
3.6. L'bo ratol7 Prolr am' .
. . 3.6.Ir-A.a_.l.rtlcal PrO(td~"
3.e.•Computat loal ADd 5Iatltt le_, ....;;'11115
• •.RESULT8AND INTERPRETATION
U ) IDtrodv.etloD · . " .
f ,2.S,mpl. Sl1e
• •3. Uaadjulled Rnl dutl










\ I'\ . 1 •
' \ , .
~~: &~~~~ ~~:=~:~,~d~:~~~=~~~::A~~~lt: ~~ldU"
4.U. Pe~iateDte, ~um or MjUlted R~iduea I · .
4..fo .4. Uoa.djulted Aod AdjUited Ret ldue Data ' I
4.5. Graphical Re&,~ioD Ai d Dill&pj>earuce Tim" "j
•.G.S piked Sampln
4.7. R." And Trauaformtd Dat a I
4.8. COlldo,loll '- "
5. DISCUSSION AND CONC,LUSIO N ...:- .
'.1.'''''''''';0' \.. ( !.
6..2. DiKuuioll \ ' . -, " /
S.2.l : 0 1s. ppearl ac.! 'r imes " .
, _. , ' :::;: ~;:~~I~.e -'C\:im.tle /~aPb iC R~l~tioll lhiro-l
5.3. Herbicide Ule ADd'Fore:etMauI,emelll ."
5.3.1. Recommcodatiblll F.OIFuture Herbicide ReH arcb
5.4. COlClulIioll . \ '.J
S.U. Summary I
"'Ii,. 2. F our Toplu For Further Study I . . ,
54 .3.FlllalStawmelll \ •
REFE~ENCES •
A~pendlx A. ExlMlrlmental ~JeJd Plot4 SbowlDl rThe Loc.tlOD or Sample PU,
Appendb: B. Cheddl.t. ForI 8011SampllDI Material. And Stlppnes UlIld In The
Ft~ld ... • \ . ' I
" Appendb:: C. Pe ,meablllt)' Teatl, Jul)' And Auru.t, lfl83
Appendb:: D•. F.leld D!'-el'lptloDo~'Soli pronle l'
Appen db:: E. Soli Bulk Delul \)' De~~mlna~toa
Appendb:: F. $011 Mol. ture Content .
Appeadb:: G . Horbon Th lckne ..ea AI Dete,mlaed B)' Samplhll Pita AD~
DI-'tl'ed HorboD T htckne.... - I
Appendb: H. OPiUllc df..bon Coateat
App41adb I. Earllcl. Sin Dew,m1aatlon _
Appeadb J. Soli Chemical And Ph)'.lcal PI'Op41rtlnl aoal y.l. at Memorl~
. f Unlvenlty - - . . . I .'
AP........ K . Soli Chemical ~d Ph)'llICai. p'rpertlelll ana1)..l. at C.O.R.I••I Ottawa . . ' . - . ,
AppeDodix L HU!DtcAnd Fulylc Acid
Appendb::M. Avallahle Pholphoru. '.
Appendix N . 9PSSX CO!Dpute, PropaiQ. 1,01' DI.trlbuttoD Grapb. ,AndI Dnerlptlve 8tatlet1eal Tabl" , ' .. . ",
~ppendb O. BMDP Co mpute , _Propanu Fol' DellClrlptlv~_ Rlp...loD Aaal),lt.







/ - . . . i -
Tabla 1.11 Herbkide nam~, mnlKal... rormala ud malKul... weilM ). ' 1 ~'
Tabl~ 1·', ~;::arali~n (mm) Fro~ APa~ Surrace, G~der, ,~ewroun.d lart 1~80 • . '
Table 1.3, c.bIU"Ktuilticaor Sekded Hubiddn. • I. 17
~:~:: ~~: ' ~::~~'pe:~~~~:ZrS:~~i:.::b~~;:n:e SelKWI Herbki/dU ~:
Table 1-', SoilSampiliPeriod. ror HerbicideResidlltt . ' . . ' "<0 43 .
_ ;::::~~: ; ~:~::t~:e~~~':~:I~:~~~:ph~.~~. i~ ~"hd ._: . .. , • ~; .
T.-bl. 4-11 50, 75, 00 .1:.QS PercelltDisappelU"uce ' Timu Por . FODr , SelecWlY 78
Herbkides . . , . . .
i:~: ~:: ::~~:i:::~:~~~ in 'plU"u per milllqa, : •
Table folh ~::;I~:~,:(~~c~::i;~~~~ic::~~J:~;P~~d percent o~ totill '~1 8l' •
• T~bl. fo11 Hex.lIDODe Rnidun:'mfllll borbon tbickow, ppm, ml, perc,ent or tot.1 ' 83
~pleda\e. aDdpercelltortotalherbicide"pP4it:d "
Tabl. fo81 Tebuthillnin Residues:mean borilon tbict.p~, ppm, ml, percent or total· 8S
~leda\e,andpercentnrtotalhl::rbirid"lpplit:d"
, Tab1~ fog.,. :':::n~:;I~~~~:~-;~:::~;~o:~ic::r1:J:~~;:::d per~~~\ or total m, \
'ITabl. 5-11 'RKovery ReBult.or L.~rltory Spik" ~ ~hoae. or Ei~rimeDto!:. ....!. . I1Q
( ~ " . ' .
o:.r-orable Boll Ficld Checklist For Soil Samplinl . 123
ITabl. Coil Field PermeabilityTest. : plUI method 12g
',T abl. D-Il - Field DescriptloDor COlltrol Sect iolt Profile 127
. iT abl. EoII Summ.". or Bulk'DelLl iti~ (Im/cm l) 1.2Q
Tabl. Eotl Vertical Cdte Sampl,. : Ouri.rld Corn [i.d, ,_ lQ.05mm)' ·1 12Q
,.t abl. EoII Exrall.tion CoreSampl~ ...... . . , ~ 130
'1'abl. Eo41 Horilolltal CoreS.m pla: ·OaJ!;rield Corn (I.d. _ iQ,06m'm) 130 '
Tabl. F.~I Field Moilture Determill.tiolll: Iruimftrk method 132
rlble G-h Summ.".: HorilQ ThictDns Statilti" (em) 134
TableR·b . O', l nICCarboDCOlltent:.Ioe&-oD.I,DIUOD . . , • . 138 '
"abl.l-ll Summ.". OrPIIUde S~1f De~'mill.tioD : h1drometcr method 138
,T abl. J-1I' Orthlc HlImo.Frrrlc Podlol Propertl": M.U.N. ' ' ltO .
Table.K~11 Orthlc Hllm~Fei'rlc Pocho)PropertlJ: C.B.R.I. 1t4
,T able I.-b Alb, M~bltore Alld ElemeDtai Compoaiti.. or HumicSubttancel 1411
Table M·II Extractable Ph'oaphorul: Brl7 method 148
.'..•..











Fhlure .1-11 Photogra ph Ibowio,;the boreal torrst hi the ' top of the picture with
GamboPolld,l o ~he ,bact , rouod.• 10 t he forra lollMoat' Ihis lou tb.!ac!ft&
.,Iew is tbe meteorolostet l l tatlQosbowilll ~he ' coilttQuO'l,1 recordia s r:aID
lallIe, Slel'.CDSOP. 'Screell slid t wo wbite,! ( umulati.", cylilldric:al ralll
• l :lolll" diI10llally'opposlr.e of each otbtr. / ,T bc .tatio o is ju.t below th
~p of the rids" Behind tbc .meteorolo,lnl ltalioll i~ tbe picloram plot
"'her~. ill .the Iown fad, the field :l3sbt:uit is clesrl ol away a1:l.b. ,
FJp re 1·2 1 Leeatlee or Ncwfollodlalld herbldde all/ay, 1083· 1084 . • 6
'. ' ~:::: , ~:: : ;~:~~:~;~ ~~:~~lIt:~:P~~::~:~t' ~~:~rl~'k:a.thick) '~ tWCf; the :~
: .. 'Lf I lld t~e At borb ool , tahll fr m the dicamba plot; p}' I, October,
10", " " " !F'e::. F lpI" ~-&I :i~o~~~::~ 1~8':11 Ortbie·HU1' enk Pod;ol Plo~te , I.,~b ulli iq ro ll plot, 13
Figu re '1._&1 Pbotoglap,bo'ao Orlhlc Hllrn&-Fetric Pedse l PlorH~, pidoram plot. pill , · 14
Noytmb~l, 1984. !. . ~
F llUre 3-1 1 Pboto~rapb of b~rbidd~ .a ppJieatloo to lbc dicamba plot uinl .a ' 50 1:0' 30
.' ~::::~~a~~m~~t~D~I,~~t~d ~~~7aa~~:I: ::~:;~C:n;~~~ii~~:':~ at I m
Fl lUre 3- 11 Pbotograph 0'- herbicide .pp licalioll to tb~ dicamba plot .bow~ll~ ue 40
thrott le (at b odjlll' b rle 1I0nle (at clId 0' .pp.,atu,) of tb~ 'SOLO'l"'le~l.ted mil~ ~fY'u. LUlt quaot!tiesof.l;ub wtcb wereremoved
~~~ft~~\:::~c:ai~'~d::~: ~:: ~~:t~~:~, ~o~b~ ~~:g~:::ro~~~1 as
FllU r" 3-3 1 Pbotograpb or/be 'ourtb ~o-meteorolosical I ialloo, tcbulbillrpf1plot, 41
.bowill tbe.lfllllspa,ut cumulatiye wcdlc-t7 pe rala saUle and n31lape
FllUre 4-1~ ~:;~;;:a~r:r~::~,~~f:: o~f~::~~.i ~,0iJ~~:~o::~ ~=.e::I~:~~~:~:·d . 60
.perlpbef" alca, OD~ ,nl later (~usust IWoI): ~. q~ad r:lt I m x I m Is at
FllJUfO4-21 ~:~~I~: ~~:~Cf:~~~~tI ." . ..
• FllUro 4-31 Unadjulted dic.mba ru.lduCi
Flru re4-41 V,~jUI~dbcxllinoncrClidufi
FI.ru,04-51 ZlladjuI~d tcbutbillroa rUidUCI
::::~ ~::/A:~.~I;C~::~;:I~~~~:,~e.
























Flru r. -4-.,. Orla llie' tralll militIa! bua~illOllt distributi9u
Flru l, ..131 Oraallk n n ul "militra. tebutbiuroll distribut!olll
FllUr.4-.el Or' allic YeRIlI mioual pidoram diat;ibu tiolls
rlpr _ 4.151 Dln mb time dilllriDutioll
FllU~ 4-11b Huad llOllt lillie dlstribu Uoll
r ip" 4-11' Tebutbiuroll"t ime distribu UOll
FISUN +181 . Pictonm time distriblit ioD
FllUre .f..Uh Pr« ipU, UOllu<:ord, experimtlltaJ eire, ,ummer 1~83 _ '"
:..;F lru r . 6- lI P'boto,upb of tbe hn u illooe .. plot . AU&IIIt, IV84, Ibowiol tbe
nOllllDiformity or Illrfac:e Jeoinel'1 l I d the r~llctioll ill plol l he due to
t recll tllmpe I Dd roetoutcrop5.
FIgur. A-b- 2,4-D Sample Pita
Flru " A·'I Dk.mb a Sample Piu
~::::;:~::: . _~::::~~:~:aS::~~~:~~ta.
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, · ·o~ .
\-~~iEcT~s~tt~iRODir~Ti6N~o
. . .
~ . " r ~
' 1.'1 ~ I~tro'ductlori : -, _ ' . . ~ . .
, :~t "~i~e :Wh'~~ ~b~ .~. ~r 'he~bk-i~~ ill the~.tll:t~ ~~v.irollm~lIt ~·~·r.~r:~im~~~'I1~ ill '. ' . ~ . ' •
' 1.IYi~.ll.ltu ~~, a&'le~l tute'lld malll telll Dce ~r rll.b~f•.~~J': ~Ielltill'" aDd,th,,:, ellt fb1 public . re \ .
~_omi~,jilc re.asl DI1y eODi:erD~ with tbei~ effects 91leltirC?ll~eDtal quality ~ , ~ mai9f ' : ., • .
prob)em~, 1I0ate" tbe ~tellt ial for I rou ildwal er eolibmlll ~tioll aed"th e' pt'ui.~~;e 0; t~xk • .. '
_clI e~k~1S ill th '~u.'Thiutu'd1 iseeaeeeeed witb tw~ ~PfC'ta orb.~bicid~ ~u'i~u't "Ill.~'~;eal
ro~t pod,3P1which prlm~il7 , ; ta; e to the 5eeoodp~Il~~m . T~~r.'.t ~ tbe n:U II dil trib~ tioll o r '~·: .
r" id"lIi dowAth!OUl h. the ~U profil~ to 't he Io-;er !imit.'o"rn.JII·pli~1 itlldJ'lbe .I«o~d _iiithe ir
measured.,qq'alltititll at .d~ribu ted o;' c;r time. ,.These.u pect6 rtllpe.:ti, ely addr"s tbe 'afsr re or·
ieachl'b' ";"blcba:;cllr. dur llli a'~mple i~t~"atB aDd t,biqll~ittlti~ or berbiei'd~ Wbi~h i~~a:II1 ' . " .
ulla ltered al1dbiololie allyacWe iDth esoil. ', . " .. ' • "
't he studt area is lIet"G,a~bo P'Olid "'Ne~ ~ou ll.~ \ab.d. Fi'e .hn.tiicL!~. ' (2,..~, dkamba~ .
hexalillo lle, ~but~iuroll alld p,ic.lor.am)l were 'applied 't;On' e fi~.Id. piOlaor ,If .m ~~20 ntalld '. '" 0
~ampled at illLer:,,1s up to1.8~olltbl later to'a mulmllm depli. ~ 1 m.(J..apPeDdixA, pal e :. ...
.0: U~, rorR~.~fr! 'tie~ialr~ml O~ tbe: 5:n,.~I~ ~~,~~)~ . T~b~, 'Ieat~D):be~~ ~b~ , ~ ~~I ~'f t ~ r~~ ~ . .
borb oll, lOll tbrougb ' ol:.tUin.doll alld. pbotodf lr lOdaltoll .,t Qle l,;,j l lud'~e ~l:IlI. plallt illta ke arf (b . .
.' D.oi#';cou~ted, fo" A rUltbe~eO.lIltrai llt .~ I~.ed 0 11 tbe .tud;,~o~jl'tit;..l~~~.e. an~' ~c..al'
. tec hlllqutll to ei'tr ai t alKl deP.«~ a pe:reeDtal~ :or tbe relk\u6 bo.-!id ~ IJOtl orl~ometa1lic : ,".'
complex" (Kball, '1982). Notwltbat:~dill"tbCfC co6s t~iillla tbe experlmf lll ;,..ie dHil~ed Ill' .
cOllditioii, broadly tlpin! or ~u~b ' o:rpa~ida:. bo~;~~ ro'~t ell;~O~Il,l~Il·t. :.T be ,~i ul,,: ~bou~ al~;
i~dul~ry alld IOYCtllmelll III rel'lllatl lli tbe ,uatl or tb~,.b,!~~idts ~: millimil e toxic ~cumu'laLlo ll
or rH ldun .ill tbe eoil: ~1i1a.1a or I~i~ COll«l U, w~~~ap~~~~III(O', ail,ic'IIl.ture ~,ay~ ~
nec~".. ud to reduee t,be pote lltlaJ or Irou~~wakr ~~~tl~~'.l'.!\~ . . . ' .; . :~ .::'
. _ .: ' • "'0 .
I.Th cllollllcw ' ,"O ..d pldohm .,. pro4,cu or Oow a.mln'! uui 1ft ~"ktLloiu du lbe 'nd. · ~ I~::'or :' .' . ,










fll modl"~.'CIt"" pradlen herbicide Il.H ill • tool tbat fornt maD.:IlemellteOllliders
f'tHllb,/-,' re ~ compdltl'l"e 111 the marketplace Yet there IIIcOllcer: tbat Ihlt,.lIl1t or
bfrbiclJ~ ma,. r glt IIIJoDI-ie"" deterloratlODor the rores~ ellY~llmellt Th l!" all l8lIueof
\:; n rwhclmllll lmport allCe tor Canda aDd theretore will eeeewesome atwlltlOo III Chapwr s.
• ';'\;ctIOO Ii 3, pale 100, re,ardLDI the relall/)Ilsblp bet~cell herbiCide OtIC alld rorid mallalemell~
"'!j:
1.2. ObjectivCa
I. To determille tb~ distributioll alld peflist<!rice 'or beiobiddClIIItbe profile of a boreal
rorcat podlol; tbat ilr,io ueertaio IIIquantitatiye·wrm. ;"the -meaa COlleelllratioll or
~~~~~~~~~~;~t::;I:M:::y~.:~;:tCI~::~~ti1~~~i:~::1.:liJH~~t '
dlone" , lebllthluroll 'NoI~(I, lodlmetbylethyl)-l, 3, 4-lhiadiJol-2-,.IIN, •
N,-dime~hyJurca' .lId plclQtam "f«nIll0-3,6,~'rlchloropicoJillic acid" berbicldn 10 _
Ipace (aoilIftl,boll) alld time (herbiclde peflistcllcel .
• 2'~a~i:~:~I~h'~:i~oii~II~:*t~:i:ldt~~ebei~1c~~;::lt~:e-:d~aCtJ::ai~cthe·
, lOiI prorllc1 h1Oul h time, . ~ . ' e. .".
'. The rmt objectiye; is accomplished by Ipraylol, ,ampl.iof ' &lidaaalyzhli cOllt.mi~at.cd60il .
,amplCl to, rcaldoCl ot tbe pareo t compoulld, The UiJYICI were dOllf by pri...te ud commercial
., , " , " - ~
chemit al labo,~~riCl, 10 lellc~aI the aDaIy,is or t~e IOIIator berbicide fuidu" rcqui;d all
~ utractioilalldcleallopproceU-:hlchyield. a.ampletbatcllII'bl!rlllltbroulb aau liquid
dlJom'~toar.pb, ablab p,neure liquid chromato&rapb 0; a limila.r ch1Om~tolrllpbic deetee. ' At
the ~pprop'iatc time. ,ample is 'ipboDcd ~om Ihe colomll wbich is theD placed ill . ' mall
.~tromcte, 10, ',p«ifLCaliou, The mau Ip«tromeler proY~n a.arapb or tbe c~p6"llud, i1ltbe
.ample withill • I~ified freqllellcy ralle. A koowlcd&eor whitb peak(,) OD tb~ Ir aph reprCRllt ,'
. ." tbt" c~mpoaltd('111l qllcatioD,is de~ermillcd bl ealibratioll : A c1illicalll pa'e aample 1.proyidcd by..:
tbe muuractllrc', .ilb wbich a mUl . ped romeUr .DaIy,is will ideDtity the compoulld', peak(.) ,
;ithDut the 1l0~ cau.'w by otU,'co!'Dpolllld,ill tbe the telt .ample, arid thul Iseeed u.
'Indard for 'identiric a,ti~rOlte ,tbe-compoaD(, peakl.) Is ide1ltified~be area ullder th; cun e 011
{ ihc lr.Ph' '' c~ka la~;iYill l a llt'mi-quall ti tat in rca ll lt, / ' . _
' : ' Tb~·.ceolld ~bjcetive iI to describe tbe dist ;ibu iioll aad persistcllte orfte Hlcetcd bcrbicidca
. ,,~rcapcct'to IGifpro~tiCl (orl-:ait maMer (Ollt(~t, ; arlicle li~e, bulk dCll,il" field moisture
" cootea t, ,horil O1l tbkh",. ~Ild, 1011 temper.tu«) aDd aelected c1imat~ y..,i ablca (prl:CipitatioD, air
~, ' ~.~peiature alld potcllU~ .e'ra:potrall• pir~tiOIl)' Tbe ilIrormatioll eomea rrom--a.hridy of IOUrc~,
aIld thooilldt d.~ loot permi.t all ~xb.o.tive Itatiltlca! aaalylil it ludl itaelf to &clleral
.. :',llIte rpr; t a ttoll, .... berbickl'c, are oraUlIc compoulld. they are expeited to beh"e ill a IOmewbat
,Ilnn"., _rUb IOll ~: thoN OfauIe e0l':J~lIldl bvu'rally foalld IIIthe 101I~ Tbcrcrorc , all . .'\
. 1II1de...t~~di~a'l;tboae p~t,t.t~Il' alld proc~ (tg, iDSOI.tioo,moiiture 'Clime, tempe;.ture
, \ '
recime. eYapotraaapiratioll, maN now, di,hlaloll, Iea.cbilllud microbial !e&ladatioll.) operatill.& ill
',"ild Oil. tbe eeu .. mlllow ror III ill.urprdltioa ~'l~e berbicid,, ' dbtribudoll aad peninellee ill tbe
~il profiletbrousb ll~. StatidlcallllalYlj,! U limited to a d~rip'iYe r~.rt.. iou It<llUotiou of tbt
petll~ltDee Cll"n wbere tbe berbicide rnidue da,tl au ti~e depeudellt. Tblll , to ~complillb tbe
~olld o~ediYe, pertinent Iiterlture Oil. tbe lubject, the residue IDa1Jlb data , tbe pb)'lleal aDd
eb"micalllOiIdltl'leDerated rrom a.aal;ab and c~oUecl.ed rrom ol.bu IOUreta, aDd ttae
tl\et~rolo&lc:il recordl O~"td 011 lite are rfiluirtd . Thea.el()\1rcn collectively enCOUII&e a
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1.4. 'Lo cation
. , : - . . <?~:
' A ~ it; lI!ar Ga~'bo, Newfoupdland , leeated ill the area covered by tbe Glo\e rklwo-ma p
~hcct (cart D&r3pbic leries: 20 / 9, RF_I :SO,OOOr.irid rerereeee 008991..w:u cbom l' for tbe .
exp~rimellt primarily because t bis area is reprn ental iyc 01 tbe bort al rarest c ll v i ro~meo t (see
·Fi~u ~.e I-I). ill' additi on. this f1!Sf:l,r~h is radl it3tt'd beeauee or seu ~u"el l alread1 It'Pllducted hi
tbe Gambo area (Wella aed Htrill la , 1972; Hcoder , ill prrpar3tion), The ebelee or ioeat ion it
au&mellted by the reaaOlIl l iYen ill the ~ ite aelcctloll tutisectioll 3.1, pal e 38. 1'h e followi~1 map
alld i~let sbow tbe loca.twl:lof the lit e ill t wo dirferent ,c 31~s (5e ~ map nl ure 1-2, pa.le 0). '
1 .5. Geology
::S'b'" ,,~. p"looI r.o~II ,...I.pm..'.
,
I . •
Tbe . 0ill hi the aln a~ deriyt'd from tills whicb are-predominaotl! compo. cd or Devooian
Ir lnites and Il:lclvde lOme Ordovician Ibal.., Ila.tea alld lroy wad... (Jenll.cu , 1063, p.2.8). -n;
pallltic locb are aenerallt pi~k to red, eO:lne-'lr &1ned biotite Ir nitts, wll.11 IlIlle euhedr al
pbellOCI7.ta01 por~b1roblull of pollUb reld'-par (i&I'd.). Accoldil:l to 'Ju Deu ' (1960; .1963 ). _
Luadqviat (1065. ciied ill.Tucke r .Dd McCana ,·I OSO•.p.1.(77)aD~. Tucker IIiDdMCCSIlD(19BO)the .
• ite wlUalac llted.:turilll tbt Late Wilcp:lin. The u per[meotal.ite occur. ill tbe ~rea whicb /
Jen",!! termed tbe "IDaer drih 10D.". Tbla lone Is chlr.acterilcd by Ilac io-nuyia l deposita whlcb '
• rormtcl heMad tbe nd mor. llle cODstltut.h:11 the ~lndalJ betwen the inl:leraDd outer drift aeeee
,,(Flaur. · l ). JepuN "tlmlted tb at 7000 to 8000 year. hive PUled . illce dell aciat ioDill the arel,
-,
Figure 1- 11 Photograph showing the boreal forest in th e top nf th e pict ure wit h
Gambo Po nd in the backgro und. In the foreground of t his south-Iacing
view is the meteorological st at ion showing the cont inuous recordi ng rain
gaug e, St evenson Screen and two white, cumulative, cylindrical rain
ga uges diagonally opposi te or each other. Th e station is just below
the to p of the ridge. Behind the meteoro logical station is the piclora m
plot where, in t he lower end, the field assista nt is clea ring away slash.
1.6. Relief and Drainage
T he ar ea ecnsist a or rolling hills with steep slopes and the relief is gene ra lly less than 100 m.
The nat hill to ps , low relier, high precipitati on and variable spread of glacial sediments have
resulted in much ponding and a dera nged drainag e pattern . T he exte nsive areas of poor drai nage
on slopes and hill tops support spruce and peat bogs. T he field site is well dr ained and occupies
the upper portio n or a sout h-fac ing slope with an overa ll grade of 23 %. Groundwate r and runoH
in the experimental area news sout h for approximately 500 m before entering Gambo Pond , which
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Tb USiol ubib i... . too tlD I!'D I~ tjpe dimale mOd. r:.lr !)' to ~trot"lr l, n"rMf'd bl m"',i ....
cooditio a•. T1lb ill ttonll N I °mocHriN cooti aellb.' " climlte (Bll1IrM'ld. 1081. p.l27~ B20llfil!'ld ',
d ima tiC100n of Ne_ roa odlaad dtKribe t il l!' arn u : .
"3. East ~ut ud Iliatub.odl. _~1 100 . 1500 mm or prloctPilat wl Pt: j
Occutollalllh."1 pl'fflpitatkla witll aOltk u tt rl.f0' Dortllrtlt ai,no .. , ~iJ la
Gudn am. Wio.tffl C1Ild willa00 _7 0 %p~cipi l.lioo " Ill., .. II ; now 1'0 011'1
llormaUr COOliDQOU at In sl tb roalbOll l F~~tt...L"h"of'tll ...est]. Cool,
late I prillllwlt b .nkc PtnistiolD otil mid-MaJ . SlIrnml!'n Iner:llI1.~m Illd b.itl,.
la ooJ . " (i6i4.• p.l~1 ...;- • . ' ' . . ). .
. TIlt' .ru', r,ot~'re'l! .~_ h.. a mu.. <I _u till. of 120· 140 da7;-IB ..rM'Jil~·UI&3. p.GOI_
. I ad .the Dam~r 01'dl!'l'tM~• • boY~ 6 ' C 101l0',U1 '.11'111'" ~PP«l. im 2.1 1!'11 '120 dl!'&r~a1'
(ibid.,"p.73). T'e I towlolln,oD.deflDedu the I,ost-lree puiod.leDeull)' elt 'eods Irom the
bellD~iDI of JUlie to t be 'bf&lllllilll 01Octobet. Tlm~ IsI SO%cbllct Ibi t t be me~n 2~~u .ll 1
poteaUal evapolruspiratloll I. 3SQ. 400 mm'F6id.• p.oe); bow. y.r . mOI~ of thl. occurI .t urinl tbe
t bort lrow inl .e~oll wbn th~ ~~ is all't qllal ch3tt: e tb :lot 7S to 100%01 tb i. moi~~u,e II los ~ ,
tbrollf;h eva pot;ulPira tloll li6id.• p!~1 1: The closest cl<lllA .vapora.tloll p.lln II l0c.ll~ed :U km
Iwa)' I t G:Ollder Ill terD :otioll~ Airport (eln:otloll. 161 m) whue rOftbe moalbs of JUlle,' JIII)',
A~IUlt an; Stpttmbt;. ~0&3. Eoyironmu t Clud:l recorded lhe lollowilll ulun fm';'~ " : .
rn p«tiveI1: i 48.11Jil , 117.2#.113..2 tad 78.2" . These Pia . al"" .lire .if;n ifiC:l n ~11 hi.h' ~hll
'~be e.apo ratio ll .~lIn lot I lak~! . "ub ce wbieh Ite u k.bled Itom the d:lll' le t p.lll "," '..I.un
aad I mathemat lC:al mod. 1d"'lll~ lot Iak" n. cakti laUd lab . al.... lor tbe ume period are
U '11110..: 113.8e. MisshIl . M.3 aDd r.o~4. A comp:arisq.a of tile", ..In ' ...i~h~h S ,.nt me:a...
(1;so. H18t. iDd. ,in) lor d;, ume' II'IOlllhs .bow: lor JUl' bo:tll':IIl I'd b h val.... " e IrUler
' ~haD 00. stalldud .der latlol IIWDtb~ meall; for J. I,. .' lId A.IDI t"bolll , aa ~d b t e val,," art
witbi. O il ' Itudard dn bt lol 01 t he men (n«pt for J.1y ld,,' .rtc:ord wlliell ill j~ill l); finll, .
::~::::~;,~:. ~:I:~:)~:~v::.:.:: 1:1l1: ;:t::~::da~::~~~e':~~::L::aa~d 'ne- •
".'.'•• ,.,I080 ..,...... IO~'. - - -t
. .
( . _ a..,m.... Atm o.pll. !to Ea ylro...... I Il. ...I... Moollot, Ru o .<I, Md •• roloIIOlI 010. . ....11• • 10 E..I• •• Cn . d.
* _dll . ",Iaol" . t•• ou0, IIlOrood"¥. , •
*TliloIt.no lhlkoll.i. . 1t don...d .. . . ",olllO l" , oI. p 1., kd)' wIlli n lll i llol. ....ton l.lp"" , ,,"1
co", ,,,moln llo. lol Mill• •• Almo.phrlc Enlro."' eIll S. I En lroo", ..t Clli.d.. U1. lylll• • 81 , . 110'••
N.wf . modlo.o<l). • .......... ' . • -





t.ble 1-2. EuporatioD (mm) From APn Sllrfact ,
Galldtr,NtwtoundlaDd . ~80 -lg84
r.,t.. lt.r
'aa W .~!u w.·~
"iiiO"i'ii:iiM":iii'ii':'i"'""'1i:'i"'''i'iU7i:liii':'i''"i'i':'i'''"
1"1 121.' ...2 176.' 121.e IV .I Ii.l 102.' rs.e
1112 u•.• 12.' IIS :I' n .' 140.' te .' /12••• U .IJE
Inl '14' . ' 1I1.a: in.2' , Ilub l UI.2 ,~, n .2' 51.51:
In, n .1 I'M 171.1 12' . ' ' U 6. ' 00.1 12.0' 60.0t:
---- -- - - ----
' t. u h /121',2 .151.,' 1&4 ./1 125.1 821 .6 416.2 151'.2 121. 1
.::.~ ~ 126. ' "../1 . I.... 106.. .In .• ;!!:~, II~ ' :1.•
~:.:: :1.::::4:::' ~ ." 21.'/1 . 16:; lo.n.,U :16 Ul
.. ..t. lo. oo.o.....i'.,. 01.. 1••.
r 'u cor••• e1u. 'A:. .
w, ' h d .'•• h o 'n l... oat . .." u.~ .... . \ •• •••
lu.lo ••U ,Auo••• trl. Enlro t S. nl.rii •
•••11 ..'''..1 to. _,.1' .....1I .1.1o ''.\lIII··
\
i .7.1. W. t!, Balnet
,A' the up.;~jm·elli allite, 20 to Z7%cllbe above ment iolledI IIIIU:l1pre~ipitation 'or 1100, to
i600 mm W:Ill recorded betweell JUlie2·1and.October 27, 1933 (126 d:lY.) , It ~ to 70 %'ot .the
pr~ci pi l at~oll t:llba:i.now, t.heo the llPproximate.'accumlllat ioo or 300 mm ot raill t~r the 126 day ·
period 'ep rcseol.l the .zg·lo 55 % hll ie or I llllual railltan. Beca~1e much of tbe ,aiDr:lll .oc~ur1 III
the.priDIaDd raU, coillcidllli wltbthe cbaDltIII leUOIlI,theaellla lamolJII10t precipitaiiolltbat
tell it I.ikclyto be clO$er to 2Q %. A eumull tiv. uiob.lliraph lor tbe a~ve period .~ow ~
'Iltlatioollo accumulated raioflll from I lIu".lbel' ol l it" in the relioD(ace Filu re 1-3,pall' 10).
. The I t·aphdeplcl.lr«o r~d ....Iu" (mm) lor: ~oe autom.~ic cOlllllUOUS r« ordiall laUl e on aite t~.r
~ ~ay. ; tb. ~el&n ot two maoull cylilldrlcal white plastle l alll" 011 alte i a. p' r~xim lty to.tbe . . •
cOllciDuoua I~Ule; ODealmilar e,llnd;icaiiaul' at tbe ~ambo For"t r, StatioD,approximately 10
" nl from the lite ala nl Frelb" alt r 8 11; aDdt~~ pri~~ll .t~t~ooa at the 'Terra Nova Nltlona l ~
Park headquarters aDdat Clllder lourDati~D~.('lrp?rt, h<lth appt.oxlmately equlditbD.t trom the
l it. atabout 40 km.
: The toil waler d~fidt durinl the Irowllllleuoll II "tlmlted IS 100 · 1~ mm at tbe 50 %
occurr'DC' level. IDd 160· 200 mm at lhe 10 % occurrellce level (BaDfield. 1'n3, p.OS).· Uallli
Thorllll.".lt.'. m.thod tor'calculatlDI the watet balaacc (T horllibwalle IDdMather. 10S7). tor
bolb .ISOlI-od 200 mm 1011 mOiilurelto!alt elpacltln, there ale t"apcc t!Ye~y 17 aDd38 mm eo!1
.>
moisture ddjdt-d~' 1 ~u t of 70 pos,ible dalls for t be period of July 17 tllroullI to 'Seplem~r 30,
I~, For t ile la me period tllere ';e fiften I mm-mo.islure defid t-4:l11 10d eee 2 mM moj.l llre
defid t-day for ,the: l:ijl{tm . torlie up.ad ty aod, t';:'e.o,tY.•lix 1 mm moistur~ ~efic it-dI;' 1 ead six 2
mm moiBturN eris,i('day). for ,the 200mm It oral e ~llp1(it>:. ThuI , th ere lr~ a few dl yl e.1(II . '
l ummer wbn the BOil moisture deficit approaehn a critkal poiut lIubjed iOI tbe plaots lo
" " .," .
phyliolol iul lheu aod mioimil inl herbicide moyemen" io tb e liquid phase. This plio t h I'
importaat implicllUoOI coiicer~io ~ berbicide applintioll and e'rrcctiuaen wbicb i, diBCu'~d later
InC bapte f""6,pafe 100.
' ~ ' I .S. 'Vegetatlon .
(- /~/
;be '·.rea·~ tbe mo, ~ dbti~e tll ~rf31 ~art~f\,he b land (I)a~'~~o . i9S3. p.p~) Dam,n::l.o J
"~" p,Hlll) ,comparn h~ "Ontrat New~o Ulld la~d ,Ecorelio n" !O,tbe "Middlt-Doreal Z~ne " ' of
Ab.tfdot" (11168); tbe ,' Maio-Born l Zooe' of Sjors~ (fll63); the '· Bern l ·Zolle" of Duerue dol.,
. (1976); aDd lo"tbe " Pr~oml~'aotl; Forest ZOlle" of Rowe's "S oreal Fomt Rel ion", (1072). .
" Tbe Ye,etatio~' fouod io ' th ~ area b a.SBOl'i~ted with i:la.cf lprllce Il3l1d' ( Pic'c~ m~riDJI~)
which do'mi03te mucb ~r the :Uta beesuee of the bilb frequency of fi'm (Damman. 1083, p.i7.i) :
. Th'er~ is ~edo~e,ok eyid~=ce of at le:Ut' ope fire~.y loilrr,oti~es u hi.bit a ,. Y~rl t~~n ch:lrco:ll.
l:l.)'u(l~ Fi,u re 1-4), More re't:eotly people bav~e noralcommun i lY by c1ear-cuUinl
tbe tore, ,, hi Ul~l. T he majority of pbo~ whicb pr~o.tll occupy the l ite and Ih; I llnou nd in~ '
lOuth-raciol ~~pe an black spruce (P, mGriGnlJ), balsi1m fir (Abie~ boinmelll, wbite birch (OtIU'1I
-PDpl/I"ij ,,"ol aDd tie~bliDI aBPeo(PoplIllI, .lrml uloidc.) . Some of the 'brll b lpeci~ ' fo:nd ini~e'--'--­
Il ea li e red maple (Ata r ll';;';:l, american mount ain IBb (SOI'blll omcricon'o). eheje clliiny
(Pr unul vir,iJl iIlJl ~), a wiJl~w (Sa/i.f ~p.), p:lrtr idl e bmy (Vocci"i um ~ili, .idGt4), .blueberry (V,
Gn,lIl1 ijolium ) aod hl,b llu,h cranberry (Vih 'rnum lrilti/lum) , Sheep laurel (KGlmiD ,
ol\,ullijoli~l dominates t he Irollod cover of the exrrim~ri t ll aile ~ wellII m:l:Y 1~a1 litl'!
which have·a\s.obeeo dil turbedby recent (orelt barYelti ll&operatioDl. InaddiJ.ioo, \here are
three ditrereollichen" rour moS!u(Mllld). one liYerWor~ (H epllllc4e), eee /ern' (Pfcrophyto),
bllllchberry (Cornlll ClIJ1l1dilmii' I, corn lily jClintDftio boreoil'.) . cr~~ in, ~'oowb-crry (0 4'ullll,,"I'4
hi. pidlllo) aodltarnower(TrimI4Ii. borcoli. ). •
;: • ...~IN: "liDmoJolaN dl nd l--d.,. _ tkt tum Gf ~l1lblb- n l1mGJo lu"; ddkll u lau i!:•I mm PO: d~ lor '















































FIgure 1-3 : Cumub.tiyt rainfall ! taph , June 24 - Octobe r 27, 1983
11
F igu r e 1·4: P hotog raph of the t hin black charcca l Iayer (2 . S mm thick) betwee n
th e LF and the AI,'hori zons, t aken from the dicamba plot , pit 1, Octobe r, 1983.
. 1.9. Soil
The podzo lic order is the soil subject of this study because i t is 3 dominant order ill the
borea l ecosystem; 128,008 hect ares of podzols are 6 1.57 % of the soil survey of t he Gande r-
Gambo area, [wens and Heri nga, 1972, pp.17.18 ). Podzols occur wit h more th an SO% frequency
prov ince-wide (Robe rts, 1983, p.121), and const itu te 15.6 % of soils and rockl and in Ca nada (Foth
and Scha rer, 1980, p.265).
1.9 .1. C lasslfi catlon
Podacls have B horizons in which amorpho us bum ic substances and mob ile Fe and AI
accumula te in va rious amo unt s (Canadian Soil Survey Comm ittee , 1978, p.93) . Po dzols typic ally
occur in coa rse to medi um text ured, acid par ent ma teri als, under forest or hea th vegetation in
cool to very cool hu mid to perh umid cl ima tes (ibid .). Under the Canadian Syste m of Soil
Classifica t ion the soil being stu died is defined as all Orthte Hu m o-F errle P cde ol , Gam bo series
(ibid., p.98i Wells and Heringa , 1972). Its near est U.S. and F.A.O . equiva lents can be mad e h om
t he grea t gro up Hurno-Ferric Podzol and they are Cryor/h od or Hap/ort hod and Orthie Podsot.
respecti vely (Canadian Soil Survey Committe e, 1978, p.133). The soil is well drained, of san dy





llle eOlJlmoa 1I0ril01l tequ.ellee or III Or\ b!e Humo-Ferrie P~lo~ 'b : LFH, Ae, sr, Be aad
.C. Tb_ IOllIare ideatirled by t be rollo~ial propertl":
. 1. They bave a poch olic B b~riloa at le.!U 10em ehkt (Dr or thill 8M .a d ar) ,
2,-They do lot ba ve a Bb. Bltl or all Ah horiloD~ore thaD 10em tb iet , III. ort.8ceill,
• hor iloa more tbJoD3 em tbit t , a pl.ac:k horb oa . a dirk horiloll, a Ir. slpaD, a Bt
horll oll, Dar ev ideace oe , leyillSIDt6e lorm or diatiDd or promiDellt mottles withill
ol e metre or ebe ,ulrace .(ClDadiu Soil Su" ey Committee, IV78, p.IOI)
. UeuaUyOrthie Hamo-Fe,:!"ie Po.hole have L,F, alId H or 0 b or ~lob' ..ad aD Ae boril oa ,
P artl or tbe at may be eemeeeed; btlt th ey do 1I0e meet the requir emeats ~r all orutei~ hor ilo~
. (i&idL . '. .
011l ite 10IIII mplei rrom all 8 m 10111 x I In wide x 2 m d eep coa uo l Re,IOII, alllrYI~ b)'
/ " , , .".
Alr leultu re Callada, co rlObara ce ,p,nio~1 "ldellce w~kh descr ibe tbe ecil u all Or tbieHumo-.
Ferric Poch ol. The rollo'WillS exeerptl are rrom a Soil SUn'ey Re port which isbeiDI prepared ror
. ' rUblih t;OD(Header , IVSS, ill prep.."lioll)' . / ' ~' ,
.}. , . Gam~ Soils , ,.. .
..... Tbe Gambo SoilahaY~ beelldlNified " iOr tbie Humo- Frrrie P ochols, Glc)'ed Humc-
. Fcrric Ppdaole.&IIdtq~b ic ~le)'lOla. T~c ,,,arellt maceri~ is &1~iaJ tin. c.om~ or >
roulbly equal par tl or IraDlce a!ld o r me,tamorpbOlC'd fiat-Iralaed &ed lmeotaq roet a,
T.be;b::u~;:a::::~~I1~::~::::a~~~:'~';~:::~~~~'~:;n:::'?!l I: :em..:~~ ri
'the:C alld Be borilooa a rc p;ob':ablyCl yard by the dowDward moyemeot or lilt rrom
tbe o~erlyi.n l B ~ bO~IO~. . ~ /" . • .
•.•T he Otthie HUIll,o-Fe"i~r r u.qa lly ~eur..o.~ , tbe top or 'Welklraille~ , lopes. '
F.ilu tCi I·S'a lld 1-3 ' bow:two-~1Prai Ortbi-cHumo-Perr ic Podzol pr.ofiln . ,.
SPftl ric meuilremeatl or lOll ehar.ac:cerlltic. w.eremade 011lite: permeability , bulkdeDsit)',
, ncld mOISture~ooteDt aad bOfllOD., thftae;- 'Wete tb oee ~bleh were prlm atll)' tboulb ~ to be
l iifllrlCallt .....ltll teaped to bcrb lCidl ovemnt
, ' 1 .9.1. Permeablllt! ... •
HCDdet (IIIprep .ntioll) a"f't tbat Ot thieHumo-Ferrk P'odzola occ ur 00 tbe ~p or weU-
dr ained .I~pe. , }t rol.lowl uee. ,bat u the ~Ile boa all IIpper .l ope IJId tb~.ail ~ IJI Otbie
Humo-Ferr le Pedael, it II .el~ralned , TO 'complemellt t~ II, field ~r~.Jabili~)' teats .how tba t at
'h e,aYcral t no"" ratfl or 0.04I/mm/em'. ror ~1Ie rores' noor, 'he .ail jelwell-dralaed . The
' ~. permeability tate deereua to approximately 0.02 J/ mio/c m' on theeo~pacted au'rrace.or .tid
t rach . Th e rnultt o~Oe ~~me~h ilit)' eestl are..Jabied inappeDdlx c, pa~e 124.
-.
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Figure 1- 5: Photograph of an Orthic Homo-Ferrie POdlO I profile,
tebu thiuron plot , pit 3, JUM , 1984.
l.V .3 . Bulk D enllt)'
The bulk density of the soil averages 0.23, 1.34, 1.24, 1.41 and 1.50 sIemS tor the LF, AI',
Bj, Be and C horizons, respective ly. In general, bulk density decreases with an increase in organic
matter content. It tends to increase wit h an increase in grave l conte nt (Fer man, 1967, p.2-3) and
it increases with depth it the re is a t ranslocation orIine silt and day particles. These
characteristics easily explain t he lowest value tor the LF laye r, t he higher va lue tor t he At horizon
which is a grav elly layer and , the increasingly greater values tor the sr, BO and C layers in which
Iine minera l pa rticles hav e been tran slocate d (see appendix D, page 126, for the field descr iption or
the soil prof ile]. The results or the bulk densit y tests are tab led in appendix E, page 128.
Figure I - Gl P hot ograp h or an Orthle Humo-Ferric Pcd zol profile,
pidoram plot , pit I , November, 1984.
l . liJ ." . Fi eld Moist ur e C on t en t
Thl' field moisture coot l'ot i5 u~ually highl'r Ic r tbe ab&or~ot epcnge-like organi c LF horiz on
than ror th l' mineral Ae - C horizons . LF moistu re valu l'S rangl' rrom ~ 5 % t hrough to 75 % (by
wl'it;ht) with a mode or 52 to 67 % whereas, the figures fOI the miul'l:l1 !ayl'IS l :lnge Crom
app roximatl'ly S % th lo ut;h to 32 % moist ure wit h a mode or 11 to zz% [see Appendix F, 13 1).
Sl'~n :ll varjations in soil moist ure nuctuatl' with seasonal chang tS in weath er . Soil moist ure
during th e summer is at a low whl'U preeipita t jon i5 low and moisture demand is at a maximum.
Soil moistur e ieereases in tb e ran during the soil moist ure rl'Ch3o rgl' period and carries th rough th e
wint er OH r into the sprint; when prl'cipitat ion is high an d t be moist ure de mand is at a minimu m.
Th e mean valu es roe all horizons clea rly present this patt ern for the following dat es in 1 9S~ : May
2SlA, 26 %; August 41A, 22 %; Novem ber I71,l, and ISlA, 27 %. Th e results of the Field moistur e
det errninatious are tab led in Appendix F, 13 1.
"I
/ ' rs"" 1.g.6 . Hor-hon Thlc1I1D~"
~ .
Soil l am piiol rOt ,riildu~ was 011an bOlilOIlb~b, tbul it is imp?ltan\ 10 In~ow bow the
horit oo-tbicklles5n var,'ttol1\ eee anoth er . j he Ofl :lltle LF la.f~r a'l'tr:l.l~ 12.2 em Ihkk , tbe A~
""'l3yn Is the t bioo" 1 aver alin , IU em, the 'Br laycr is tbe thickn t :l.¥tra&illl Z&.3~,}ht BC • :
averaa" 14.7 em IIld' the opper limit or the C I¥,tral" 11.8 em, The nie:UI hOlllOD tbi~hc~a5t'a:
nmple I;lt ~lId n Ol t are 'pr" ; nted in Tabl es ~.6 t b, Ollth (.~ ; -pa&cl 8 1.8' Ilnd luppltm~nt:llfY
..
1.10. i:'~inclpie!J
• For tbo PO! poICor discu$lioll, .th~ d i,pe tlio~ or berb~idf~ tll,nu sh the , ~oi l aad tllt'il
cbemiral and bio,lolicalbreakdowl! c o~i.i~~~e ~~:lr dwip~~ioll . , Le.~b i D~ ao d Yolat:ilin .tioo ,M
dillip~tioll mecbll~ms ~Dh,e ll tlY illYol~! moyimeot ...bi~b is d iS<:llil/le~!,ltb e"\ph~1 ee .the "
le~cbilll U plc t i~ ' the S~bse~ tioD' 11'IO,'z;•.f'oilawiD, 'tb:rl., Silhiedio~ i .IO.3. de)l" witb persi"tence,
Ibe b~I:lDCe 'of those herbicides ,:bic ~ b ye 1101d i5~ip)t<)! .
ree tb rt ; modes 9r herbicide dissipatio n in' soils :H&Ic) cbiDI, dClr)d3tioD":!. nd vob liliu·li" a,
T be b~o~ ll!lv"fraial 'i bese precesses ; re:' I)~he~k::ll cbr)ctiris~ic!'of the c?mptl un~, ii , ~i1
, _ Ofl:uic ecete et. iii) clay. contellt. ,iv) soil ru ,ctlaD(PH), v) soil tempernt ltre, vij'soil water cont tbt:
~ ,viii ~.ulk· deD5it,. , viii) :lir 'temp;;~t ur e, ix) pr~dpit3iioll, xlill!Olntioll, xi).~v ap~t;~D~pir~lioD , x~
aoil aDdpl3Dt bloa~'VitY ' xiii) alope :lDdm.icrotoPOl rap~1, Itmf-jd~)laDd use, T4,lsliilbu bc-en . .
compiled_from lo ur ee wherf iDsom e DUlbo riV~s ollly ellum.erDle lOme of tbe t:ictor; ' Dd otbe rs , .
ea , •• , , 1.. "''' ''''1. ion illld"d.din~d '.,,"", ." " ;" , ,,, . i,om.", •.,,~. lieal ? b. emis.,tD.~ tlal:
Goriol.qd Hamu ,1 97Z; Glleod, 197<4 ; .HDlIce. 1980; Kby. UlaO; Mo~ri1l rl d .• 1082; Trudov,.
Itl77 ) . Furt hermore, tb~le factol'S"llJ,o ieln uu ce tbe D.dsorptioo..cl.elOrptioo pfOCep(e l lut. Itli lt;'
Grover, 107J: G~ovir aDd ~m it b. 1014; Haque d aI., 1068; Khall, 1lJ73:t.; McC~U d .i1.: 'ltl72; ,
, Ne~r ~ a.!s , 10.7~ : T~~ce andCalv,d: 11178). Tb'endso r~ l loo of berbki~e molecllle,~wilb. miOe~:lI .~/ •
orlDDtelOil pDrticle. don, at timell, biad tbem ncb. that Ibe re~idll'1 C:LllDO~ be extr acled by
method, com '!1nDly, ued ill reaid~~ aD:l1y.a!,(Kb~ll , 10821, Helice, thean:t.lyticll methad~ wbieh ,
do ont detec t tbm tyPes of ruidues, P.trmeH Ol/nii re t .'ill/ti, undlirutlma.te Ibe soil o~ pJ:r, ir t ,
bqrdee 0f,lObl pe'l i~~ reaid~ea {i6ii: P.2):·.oe~rp~ioll ,rcl~_ belbiddNlloleculertor't;r.n,.porl
."iot~e liquid and vapour pb:uet (le ae~IDI Did ¥olat llin ,tlaD,~,peci.lw ~ly ); ror plly_inl, cbemlcal




"!"bicidemD~en:eDt io the~iJ iIIvolves both the lauOul aad tiqui~ pb~. IIIthe I~eous
phase ' (ll.tmll.tio~ or ~ b e eompol.lll:d4pel~i l.a moYem~ot thr oUlh ~il pores aad microporH.
TbtoretkaUy, ~tbe eompoul1ds may coodell5e.aad Tolatilj l~:I aumber or times with a fiaite
limitdl oo 'impo&ed by thebrrbicide'l ~Y fllt.ual de&r&dat ioll. R.el~rdlns. Uu: Tolatility or a
(~mpoq~dde pt'lld l ~lIllt Y:lpo~ r preUl1re, &mbin t tempe ratu re l ad ~il porosity, · lD. ad~it io ~ .
tbe,raadom mo~ioll or t.~e_ ( bemieal'. mcleeulea, dirtUlioll, wiIl.aid in i1.8 moyemeot" Dirrus~OD is
aJeo ?pt!utivl! ii tbe liquid phase , thallah its importao cl! as a truI!K'u mfth olsm Is .illliCk:aotly
, ~;":tb'.D t~ .t-'~f mua flow•. 111' tbe liquid phase ~e,blcidea call be' tr llllsporUd in Il(lJlltioQor .., .
colloidmo Y'ioi throulh tbe lOil. Solute tr lo.~rt,dept'lldl all tbe cbemical' s IIOIIIbilit1 at a specific
~m~ta.,ute; t~ e ~mO\l 1l1 of cbernk&l ava ilable lot .:o11l·Uop (i ,e" ~o, bollPd to I ll' adllOrbept) ud
·Ul e . all t~edeil t l a tutltioa conditiop:ortbe IOlute , ~noid lr~port reqllir" a liqllid med illm alld
· ~ 'ru ~tbe r de~lIdellt OP tbe ~1;II.~ tit1 01 . ..aua ble'ad sotpt i01l'sites, th delree to ''lI'bk b th ele ,
'~lOr~ota a; e mobile , all~ t he . t ~e~,tb 01~be bond bei'll'PeIl t he adl/ir ha ti and the adllOr,TSint."OI
· .tbe illitl al .bt, bklde Il'plicatl~ wbic h 'elltell tbe ecil, tl:i~ amoud whleh' is pot q~ickl1 adso rbed .
· i l',e,: tb e 'Iull \lt i!ira tioll 01all~....i1able adsof~tioi l ites ~r tbe adaorptlo ll r ite~I) is t;ee or
~....i1i.ble ( ~ , ~.; th t~a'.;ce or, h fJbi~ide, after aU adso rpt ioll 'snea ar e llefllPiN )' lor delraa ,tioll,
I~~hini a~d Y.~latili,l~tfoll. .Qllce th~ tree qll allt~t,. or herbicide haa m,oYed'throlll h tbe soil
a~d/o~ d~l~aded '~.1 ,fllu h; r reluN o~ ~~tblelde qU'lItiti~ ill th !1I d~~lld ell ~ 011tbeir dt!lor~ tio~
from ,t be adsOrbillllll rfaeea, Thu s, Ul ~reill aD lIIit ial lou or tree or aYaila bie her bicide apd t beu a
. Iow,er IoUde te~mlied b,. tbe deaorbhi,1 'IlItf~e'~f~
~.10Ia. Peral~t.enc:.
Fo r tbe pllr~ (I,f tbia st ad,.. ~rsia'tt.lle~ u the-~t~tllce tim; or a ptBtkide ill tbe sol;
euYlronmnt (KhaD; HlSO. P.I~4)~ Oa e ullit o f,'innllllre txpr~inl • chem k al's persist ence which .
ill wide!,; \l~,. th.at, or AIJ'i~lirl, 14 · tb~ Ihi~t pblaical HnH i~ e term AIIff -li l. r~lat~ t.o fi;'t '.
order ~in,et-ie',li,t. , i,Cu a ,ate eoDlt.u~)' ,Th is aee f1It be .o~ ' reprtatPIl .tli.~ pr,o~rty tba t a . "
CODst..tpercelltaleisloltperIlDittlnieaadtbatthehalr-lireu lnde~lldalltortbeconcentralion
• .. . , . • " ... '. Q • • •
IOo, i1l1 all~: H~,!,atir, Ig72 , p,~G), Ho1t"uu. jp th is Itud y .bere berbieide persistence is poL in
, concord.at e ~It\ "ate la., ~be terml"MH o.r DToo (so %a t rxi.% dillappea~aDce .time), are mo re
apprypriak -li t ld,;,p ;2pI. ' III tHisHP"se ball-lire 100H!;y, meanl t be time reqllired for ODt balf of : •
.. 't he Peidddf ' ~, ~1a~P~~(DTIO)' Th~ DT 'indk~ I II useflll toliYeI P'approxim.atioD·of _ •
• ,pc'lI lste pce at I Ilyin c~D cntratlop , bllt II ~b e;' d~Pelld oll ,tbe Laitla l co~ctntr~Uo lI tbe,. ar e 0,11,.
'r~latIYe palplI of m;~or~ oa lbe dlsappearallce cune (KJiap, 1"'0; p.185), Th e PersiStence u d
o~her cb~mkal chlllC~r~tiet of th e Itleeted he,rbkld~ are listed III T able tr3 (pale 17).






. T.bl• •1-31 .Char a.cteriltlc. o r Scle'ctM Herbicide.
• AaUnl..r (41nu(1)
.... h a- a.. t.l.U ud . j •
h ro, \1odo . . ...... 11"0' . •'''~''I (....lUl , ,'" hU·1U.
O;;;--~~'14~"1_1.'. '" ~.I
' hlo,.. Pd wl ...4 trti_lo",ICOllalo > n IU. '
2,4 -11 Clloro- u I4 u4 2' 1
' h ....,. .2. ' -DlI l1ore" ,&UJ
,n Ulld', kU pn ,, "
... hU.r..... ' .... l ..I ....l" .
r..u .... eoo. C:t.l.....- ' 1OI' :2. 4-D1I U O•• ,.Ia- S I "',,
P" au)' '"Sf U. act"- , n bJo '
u • ••~.,.•.u l 1 ..'"r 2'b,.'
· Col ... ... h.U l .. r...I .
~~::::=~l ' ~:I0:~(~~:~~;~~I . '-15 oU.'
.(...... .,... l . I-U hll...-.r.' (IN; ' NI-•
..tor,oCJcl lt 41. ... ' ....,, &11 • .
I I... , n ,.,411,orolUIU• • U; ' •
V,hledl D,ei •." •• D I'~"" 201',e-DIcU oro-Q- "' - 12 .~.."
Dle.... ... h UGto a ul t.l o u l l • &CI 2,1-D, • > t "'h '
- 2.N ') ~~:; ::.:;;::::.·:'1~" ~:2:~ ~7,::
Duco S, l t . le i . 11~.UhU. IDI .-(1-(1.1....1." .'1 > 12 l Ul l
h ..UI ..... Urn •••' n-I •• •• ·Ut .... ' ...1 ,<=: 12- 11 . " . '
. / · . ,:::::)~ · ~~:::::~:";:d., .
1: ""I"J". '01 " , 'Iat'. ",-11IU , l a .""' " '' ' 0" 10110 at
U. I."U..U ... ,.u. fot"'hl ....u\l... ..... t rol
(1l1 .IIA.1I.to • • ·1171• • .7Il .
2: ••• ol.t of h , '1 at' .. 1" 0111: tllt tu.. ,o, ";'...,
•.,U •• to lOll . t u . M"~ "'"lioto ''''rou" oil, ro U... "'"
1' 1 ( ,..,II 'tl .•'-I .... " . 117-11,) . · ';
J: I ."''" " tl.'.u . ' ." .U.... .
I : nor 1G1.ln" ..r.... m. (b aa.lor . li 72. ,.Sll) .
: ~ ::::-::"r.~::.:::.;:i;:i~'::~::-:::;.~~72. "":
71 ...... 2 ..... ht t ' h ll.. .,,11\"11..,).;td'~ .
, : t h !"la lau t or or ,.1.1'01.. tHO ~ac1l......" U ,ald al1
W ........I) .
Tbe-follo'w !Il~ factore wblcb atred l be deatadatio ll of be'rbiddea elll be di~ lded illlll lwo ",'
I toaps. Tbefi n lMtbeI01l11o lbebio-ebernie'.lSI01ilP: ,.
, I. Molecu!ar eODfilur.tioDof tb'e eompoulld. , •
2. Or" llk maUer C~D teDl :lDdeompoH(ioli or l be loil.
•3. Soil ru.c:tioD(pH). • • "
~ " . GlaycODleDtalldmIDCralolYofllielOil.
·6'-T be preteDC~ or otber compoulldl ~r ioDI.
8. T be rormul.tlolloftbeberblcide cofllpoulld.
7. The IlIltlal collctlltr . dclIl of lbeberbidde applieatloll u4 lbator.lI)' preyioul
appl lcaUollt. " • .
"
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8. Tb~. ~h_D method u d the dept h or ibe berbieide appliestio n. \
Th e IKon d ad belool to t he n viroo.melltal,roup:
I .Soilmoblure.
2.Soiltemperatulf .
. 3. locomilllBOlar radiatio ll.
4. Air prtull re.
6.Cloudconr.
C. Atfoblcjuurobk .oil cooditiobl.
The mo~ular eoafi, uration of" eompoulld hi imporlaol b«2.UR it relates the herbieide to
ita mode or adioD. III additlo ll, herbicide compo uoda CaDbe eat al7ud by ! 0111l1ettbrouab
imitatllll.~blI trau. limilar to mall7 rouDd uaturaUi.IDthe sen Bailey ud While (lgro, p.43)
describe IOUfIt ructural taeto n which dc lermioc 'tbe chcmicll charadu?'" pe1Itieide molecule
'Dd t hc&eate:
I . Nat ure 01fUDctiolal Iro uPS.Yeh at ca rbollY), n.rboo)'l, alcoholic bydroxyl aDd amillo.
2. Nature or the lubititotiollfOUpl tha t may alle r tbe behaviour of luodiooal,roupl.
3. POilltloo or IUMtltutlllllroUPS witb reepect:to the rUbctlollallrollp& that ni.y ellbillce .
orb iudn ,llltramoltcular bolldiol "" . . •
... Preeeeee aod mallllttlde or ullsaturatioo III the mOltcllle tbat al'l'tctl lyophilic·




The oature or tbe rUDeti'oDal l rOtip determiDtI:' 1) Whetber a compOulld Is acidic,
bask , or ampboteric III lI. tllte, 2) ability to ullderl o hydrOltD bolldial; Fd 3) . hility
to uaderlo coordjlla~ coulut boadlal (i.c., to form . chclate strllctore wifh a
traaaitioDmrtal ioll). The aatun of tbesu bstitut ioDOD the riDI as well as tbe poaitioll
or the n hlt iltitillllrouptD baacee otleucaae a.cb9t the . bo."e pbellomeoa. .•. The
Dature ' lId poaitiODor the aub~dtu tllll lrollP may atreet lhe .bility of tbe ·molecule to
ullderlo Illtramoltcular bydrol eDbolldiDI (tc ., bydroleil.boodilll to tbe .ilk....te
aurfaee) by promollol iotramolecular bydrol ea boadiol ... .
. ' . .
Tbellatllte.odpoaitiollqrtberullctlollallroupaalld tbepoaitioa .lld lultbofthe
alkyl porth:ja of the m61eellle dcutmiotl the Iyphobic to lyophilic balaDceof the
melee..Ie, nc t:raet aatllre or the balu ce willdetermioe~he relative amoity tbe
moltc olee willba~e ,for pol~r ud ror lloopolar a;dsorbeotl . .
• (i"4~ pp.O-t4 J
The importaoce of orl:t.llk matter all a futor ill herbicide delrad atiollshould 1I0tbe
, . . , '
_ IlDderntimated. Fin t , the,1011 mlcr~rauDa aDdrrora are io.t rumcutal la metabolidll l aod
. ' .dClradllllherbicldrtl. Sfto Dd,quuUficatloDof the cootellt{uaually e:rprcsaed u apercelltor a
mhturtd olllt) ud IdntlfieatklDof the eompoailioll (primarily the homiD, homlc .cid aDdruMc
Kid rracllDoa) of .011orl n k' matter pro~id~ h owltdl e or the "allablllly of ~lIbatrlltee with
wbleb the herblcidq CaD eomplu aad participate ill soli'chemical reaetlolla~ The illteractlo~ or
peatlddrt and soilollllllk ma\ ter bas bte llltudltlfby a Dumber or authorltlea (Gronr, 111Mj
. ~ .
'9\ / ;<s.::
1071; C rover nd SmUll, 19'1<1; Kbi fl, 1072; 197 3 ..; 1073b ; IV80: McCan d 41., UIT::!, Morr ill et et.,
I082;Nearpa&ll, 107&;Norria, l Q70; Stbo ltt er aod Kball, 1978).
Soil reu i.k.11 (pH) ~.1 afi~t dei ' adal ioDd irtet Jr it the eompouBd~..-;t.bility ia pit
depndaot,aDdiDdiredl)r.la ita d rectsollad&OrptloporO lllbceo rnpol lti011 or Ibe toil tnierobiota •
(Hallc ~. rseo. p.8(1):
The day _ p"tkid~ iJ:r.teraetioni tb at occur IIIt be to il are l imna' re t bOie of d ay . -lQil
Ottioie:lublltallCes . III Ii pure rorm tbe a nlollie Diltu~ or maoy clay millcrab will (orml
aa&lXiatioof wilb f:atiOIiI whether theY,be lOil .llutrinta (eg., Ca ++ or Ml ++) or ~,tic idrs. .Of
courte tbeldtorpth'ceapacityof tbe cla1 i1fin t determibedby itt propertin;.bUlld 311CC.lurr:.ce
ana, la tt ice ~IIIDlemtllt. illtt rJamdl ar . pad-II& .II~ elect rical cbarlc . I II Ibe lIllil tlI\1irOllrnf'pt
c1.~ is not alwar ! in a pure form. Clar mlliera ls t hat lIoderlo iso~orpbou! ~u~itutioll are
. tlpable of a(bOfbiol more elemutl thaD'tbeir eryatallille forma (Gfffll, 1074, pp.3-32).
Th e pr~oee of~thercomPOll D.d!~ ill tbe lOiIis thqlllbt 0 11;he one b'nd to ellballce
the pestic ide'! t"~tiveDesa (BoYC! _et Ill ., 1V72; Hamill ct Ill ., 10721, white 0 111 the ot her is t lioulbt
to iDcrease t he chemieal'~ f?-tc of ,de,radatloD (Bover d et., 10721 Morrill 'ct al.; 1082, pp.17.j,.176)
alld to be ill:ODICqUential (Bovcy d al., 1972; Hamill'ct al., 11l72).
T bc foimulatiollo f t be hcrbiciderelates,iomally respeete, to tbe prese ece of otb er
compoun d! or Ion! iDlhe IOU. Some of the lor molatioJlI available for tbe selected herbie'ides tHoal
exemplify this in T ablc 1·4.
Tabl' 1-.'" Some COll¥CDlion:u FormulatiOll' For Tbe Five Seiccted Herbicides
R.'l . i.. ' . ' ..
~ n U ql1( I. t h ;'.ddlh~l••d . Ion ....
,11 ".,'1••,.,1"1" nlt l.on . •
2) Iod l u l s1(I.UI ••'n 1. 1Iall ,..• • • I•• •.
oa)Uq.t ...' .n t. t•••u •• h all ....
to 'l1d fhll. I I\~ nt•• t •• II. ,
.nUq.l'to ' l • •U.r h . l .. lilt t . ...
2) a. ... h ',n " • .., I.....l.. n l\ . •
. h ..Ii.... II) D1.,,, •• ~1I 11,. 1' lOt•• lul11l1l.1o Ii.. OIt...
2) r.ll.t t.mhn•• .
h~'''lIro.'II~~ ~:~:~"::~.:I::~···h ""~. " . .
Pl'l., .. U " ' .. d lol' t 1o".... II '" .o lo~lo
11'101', 'dlt u.,.'..ol..
IIh..l t t ,...,."..... •
2) f, t1 •• , rouol..II• ••ltu. II,IId 'nllhtln.
on 1o...." l.n.. ... .II'. I. ' . ... 1I\1•• .
•• ".uloU ... ""' la.t~••fJ"I'''~'
Tb e Iultial COllccllt ratw u &adrepea ted applka~~D of hcrbk idet h.. bee~ ,lv,V! a UelltiOllbl
a Dumbe r et ~ll tboriU~. Howen r, t~e role tbat laldal eOllceDtratioD playl iD'berbk kle per. isl.ellcc
is \lDde " u tberc are a Dllmber of cOllllicllll, atlldiCl. GroYer , ,(~ 087}, Meikle (d IJI., 10731nd
20
Latl let01., 1073}tlte tbe poeitioD that herbicide de&radatioD.it iadept'lidaot of laitial
. cODceDtratIoD,_wbern .. Altom-alid Strih ke (1073) l ad, Hillce IDd MeKollc 1 ~911) are of the ~illd " ,
lbat t be r.~ of .i~lra.btjoll ~ de~lId :lUl t Oll inlUal COlleelltr at ioo. Rt'"'.t~ appliCatloot erutl!
tbe poaibility or:tollie aeClImulatioD ill tbe lOil wbieh dC~lIdl UPOllthe herbicide'. baU-life,
I vanability or iu:lOfpt ioli ,ite&ud the ability of eoilmicrtlbiotat.O-tetapt toudutililc tb e
berbk ide molecule o;-;O;e part of it ror e~;ru (Audll~, 1060; Mon ill d aI., Ul~, p.187j Houte d
01., IVfi7). 11
The eboaell method of appliea tioll alld the depth of t he .pplieati~t11 I re ~tb related to ~ he
compound', rormultt ioll for tbe purpollcof .rr ectilli the ta r&et I~i~. ViJ?,etber tbe herbidd e
worh aylt.emkally or 011 eOllad, l od whether it ia applied 011the nrrac:e or lajected Into the ~ij,
ir the choeea method o( applicatloDdon not reach t~e t1ll'let ' p«iel then 'there will be h~kroe
wu tel l e which ~i11 be I vaill ble ror pbotodeeompo!l[t ioa, VOl tilill doD, leachlnl lad delradatioD.
The.enviroameo tallrouP or rat ton wiD bediac:UJa!d tol etber beeau,e -they Ir e la~r·rtlatecl .
IIIJOlatioll ~ the eDerl)' JOuree w,hlehdirect b' load jadirectb' COlltroltair temperature aDd prcuure,
loil t.emperat.ure aad moblu re aod, the aerohic/ anaerohic 110 11 coadit ioa. Soil moist ure is required
, . ,
" lor herbicide mov~meat , 15011 ud plaat hioac:tiyity load is the olfject IIfevapoh ao.pi ratioa. "Thul ,
sell moisture' tIO .n:~ t le~bln. aad t he errectl'IC~~, microbial delr "adatioll. Soil tempet~ture
Call be • limitiDI factor ill the boreal roreate IIlIcIIII.isteo t da ily temperatur ei below O' C will
. \ , -. - '
. iahibitleachiolaDd,IOUaodplaat bioacuv ity,beocedelradatioa, Airp restaredirectly afrects
wl2da, both or which, alool wltb li~ temperature, direct ly arreet hu~idlty I~d rates o.f
eva potr"!'. piralloJl, l iveo that the lll lecedeot 1Oj!moisture .tatUI is not a IimltiDl ractor. Tbu.,
,. " ' air pr mure caa arteet the I..cllial aod yol.tilh at ioo modes of herbicide di5Jlpa~loll . ' C lou~ cover
it the r"lIlt of latolatioll ~rrec tia l air prcuure u d air tempe,rata re which 10 turo determlo~ the
. "
rellt.ive humidity which, I t lhe appropriate alt itude: willcoodeoN Into d ouds. The do ud. turther
ionueoee the lo$oI .t1oll\~"ii act a'any ;eachet the Ir~uod nrtace, the_ait temp<i';atllle, wlndl~nd
rate or ev apotra"llIplr l~!oo". Air prCllure l ad d Olldcoyer willrClpet:liTeb' ioRllence tbe
~Iatillutioa mode of dbtlpa~ loa aad pbotodelradatlon. The aerohic/a.aaerobic toil COD-ditioo ill
ddermiaed by th'e bulk pore Ipace (ottea expre&Kdill term. or hit dell,it y) u d by tbe 'Oil







. . \.. .
2. 1. Inteedueele n
Sipu 1000 (A..d"I, l OGO). aUlhoritiu ill tbe ridelof pn tlt id. ' r~~r~b h.,. tHou""',)'
:loct,iu ill coat ributio&to our h owled,t ortb~ sub:lbaen.
III tht Ullit td St:r.tn a Dd IDCU:Ioda public COllCCrII.ovc ;tbc IldVC,l Ceffect s 0'lome
pcstidd;' ollllollt aJ, ctblotaaocl,cos)'l umlb:lSdictatedth'llc,d !or mOlClind brtlt'!
. illformatioll Oll t1l ., lro~mnt.1 chtm~t~ 1l!20&with the IItC,"", ulld, r. landini for prlli id de u~"
i" tbe rc,ulltory dmsioll m:lk;lI&proeC'St."Caaada. b.u a, blned thb tbrollih tbe f nl Co nt, ,,l f
. Prodactl IP.C.P.fAd .nd Rrl,ubt ions(EIlY~rollm illl al PrO !~1l Sr '....I' e,:1085, p.l ): III butb . ,'j '.
Ca:a:adaand the Ullittd St.:tMI It'l illr::alioo of~ticide fOI d0rrttk . co~~erc.i:d or ,(si rkiN l,lW
fint fflIuir~ that ctrt.1.in illrorm.1otioll be prc~lltrd La tb~ rtlislrllo\Kltllloll\bOlit;"~ .for rn~~. .•
III t bt Ulliucl Sla in ~mfol l bt ib fotm~IKlIL ttq oittd as iI tt!:llft to this Illld ,. is ~ddrn~
by lbt followi.lqllts tiolll : _
l ) Wbat is t b r:roteor dissipat ioll or tbe pt stidde ill to:" _ 311>0 lb ~ rmd ltn It x ll
tbro olh tbe 10m _ $) b tbe ptst id4e fOOlld illlOib F
\ (Kou.cs, 1083, pJi)
II Canda . imila.r i. f:tm.t~. isrtq llts ttd ill t.h;~'~:P..:.-Act aad tbt P.C.P. Ad •
Rtl, l",t io.., ; " lI<:iulil'1Claro, mplio••• rrICHoII\ ~ (" lilial e eYalnlKl" ollh prodlltl wilb ttopI'Cl .
to mt rit Iold ' :lftl1 IHd Kl" 4(1) P.C.P. Act aad urtloa 0(1) P.CP". Ad Rtillb.lioa,~"
(Eu'irollmtat:a l PtOltc tKl.. 5t"" e, 108$, ·p'.e,~ - Mtl il- ti ii.l ~rredi.unlllood "u ltl ,.r illlf~t ·"
' . hllml oit,alld Ibeo, l,oomeo l. r •
III Iboll , Ihae " llllradol prrr tq llialtea eed the mlllt il llde of iofot mal ioo th at the Il~ruar)'
, '11l.dit. bawe Ilot rattd b~wt ill ,wt rt d mall)' of-the qlltl tio u peft alllllli to pt stleldt errlc:ac)',
tox icil)', bloac:cllrnllillotioll, bal.,d l.SIu mcol, mobility.. . pt . ), drift, pc:lliltto ee alld dtlr.datloo. ",' ; .
\ The miD)' Ilo din 101l0d lo tbe littr~tllrt t oot tr olOI btlblddu 10the lo il.re of a dh.erlt • •;;.'




alld ve~ eprnPlu\at:~e. They u n be blH'd 1111 dirrtrn.t prlnc:iplell I lld tbeir md hods call lead
to divuJtDt illttrprtl.tion~. Rather tbn illdicalllll opposilll viewl nee eoonJd lbl COlldUlibo,
mll~ only mirror the (onl ;I : ~it'" of .oil.h~rbldde·Jlltuad ion. la additloo, thOffatud iu
dt&Crlbed laotbe lIuutll.re wh;.:!l 3t~ ' cry eomphix or ve l')' ape-elfie .ortu lack ~me ddail of
larolmallon crlt leat ~ .ul 'lbJe:~lv e review. fa.tud Cif belal able t~ rneb "cclIll:lti, loDS tbe read er
find. th.atoDt.r .i,oreqautio~. ube .
2.2 . Herbicide Behevlour
A myr iad of ~ t\ld ln eOlleerllill~ berbiclde pfr.iste~c.e b:lllbeea Illlde;takell , !aeluding at udiu
~ttahlill' to tbe de&radatloll aad mobilltJ: Il.!lpeetIJ of herb icide pe.flisteoce.- Howevu, t he
condul lolll ·drllwll trom m:r.1l7of tbe penistellce Itudin an difficuU to l eDeralire beca use of tb e .
varlety of 'condition undtr wbkb tbe tnts hln;e ~fIl conducted, Telt condit ions rao l e !rom . ,)
uncontrollfd field cuiroamnh to partial coa t rol ill Ireenbou~ell t~ro~lh to tbe almollt <completely
controlledej(~rlmenhlalaboratorlu. . '
'r ',.B~U;d ,4l:(ig7,~)_ ltu d ifd tbe coocutration of pic.loum in a.oil profite over a 2 yur period .
dOWbt o ,depth o~ 2.• metr n in aa AXtell fine ulld y loam nUl C~rloll, Te xas: In ~ditioll, tb ey ,
concurrell tly eomp:ued co~ventional fo.rmul:lti olll (apray .and Ir'Dul~r potassium 1 ~l t ) witb
polymerit ed' ODell (apray ·:l.od I laoularllo" Lakelaad und (aa alluvial aoil io the boUomb.ods ot
the Nav:uota river) a~d alll rvini day loam llear the Carlo, aite (ibid., p.306). CO Il.~ e ll.tiolla.1
formula.tions a.re the It a.llda rd manuf actured form of tb e herbidde aed ma.y be applied :u .. _
Iranular pene't O! ' ~ettable powder 01 le .. liqu id ca'rr l~r u ao ~mubirable cOII ~ell l r~te , ,olubl e I~
IOlutlo a COll.ccnt rate or aoluble u lt (ROM, 1076 , pp.lo..I2). Polymer lormulatioll.l re-quire the
addition of a carboxylic add and a mdal ion in the presen ce ot aa aldehyde cala.IYlt (Bovey ee et.,
10'?2,p.3321. Hu tinl duriol tbe prepa.ratlon oftheaerormulationl inere..,e~tbelealtbafthe .
pob'mer , ~1I molecular,weilhl, aad brdoell (i~l·d.). The beatlDI dec:rcuC' tbe n tt of degrada.lioD
. . .•. . ~t tbe polyll'ler or re'leue of the berbldde. Tbul, polymerlt fd formulat ioDa Ihould exteqd tb!!, .
r b[olo.lcal activity of the compo~d aad reduce le:ac:hability (i6id.). eol' tl et al. (i6id.l lu ....eat
tllat pidor am leMb.bUily is dec:r aaed by lOme polymer rormulatioll.Sstudied In lo il columll.lI
under limul ated ral~r..lffit that after lix mODth,s oader field cOllditiolU tbere Wal 110slla!ficant
dirreeeDce betweu polymeriled aud COOYfot~Iia1 'plclor." . F~rtberJllor e, tbeir InYfitisatloo
Ib·o""a(i6id ., p.333) tbat tbere II aD, llnirlflat difference Ill,Call0py redu1:tI~!I·~f boae~ me!quite
. .lPro,op,·, juli /l ora nr. glan dulo,ol, buil~be (AeoeiCl/or;!'c,ianClI, Macutuey I "' e (Rou
~C1#calal,.u~e oat (QuerCll. vir,j"jClnll~ wblte brush (AloYli4 Iyeiodc.), a lid wiole~ .elm (Ulrn u
a'.C1la) betll'etll conYfodoo:l! pieloram IDd polymerlled pldor am. Similar re'lIlts:" e si l'en tor




rOJmUlaUOD~ dM' DOt merit tbe extr a ecnt. ' On soils ill Texas, Baur d ot (I07Z)(ouad that
n~ldues eee year arter.ql]! lleatloll or 3.ll1l"lith or pkloram, either :IS pol;m eriled ~pray or
llrll.llule or u COllYeIHi.lQ;113P'-3] or I rallule, were &IIfncieotly reduced to allow llrowth or mO~l ( .
hu~aeeou~ apecie~ (ibid" p..!;\l). III additioll they co~uded tbat ill nody &oil pic10ramttlld e<lto
leach tb ~ougboll t tbe aa.lal,IHIJeptb . (Oto 2H cm) witb &ligbtly higher tooc nhatiuni between
137 lod 183 ern (ibid.). It ~ay be t hat these fa lues detected ror the .i"l: month nmpie period ere
· replescotat ive or the pulse or herbidd~ whicb h3-ll moved dowo to lhe 137 tbrougb to the 183 cm
ioterval with dih'lUIioll:lravlty aDd39.1 em (ibid;) or rain actinl3-ll the ~lIlliol meehanem. In tbt
c~aY·lo:lom 'Ioil: Itlfhi,~~ ~M cOII~idu~ly 1« . :u illdinted by bigh.In t is lIur the top' whicb.
· dimiuillbed with prOIlJessively de~pe r samplioll (ibid.). The bigh dar"tont~ot or the clay.lo~m acll, '
range .or ii.s ·~ 41.7'%· (i 6;d., p.307), between i be eurfaee :lo Dd6l '.cm la mple d;pth s, would
pr~v!de a 'Ubs~~lI tial pool ~~ ~ds?r pt i~D I.i~e.: thus mioimfdDg \.e~ching to lower depth•. Th e only
qlle&tioD:lobleltep tbey took was r~ tbe uSe. Or:lo ,power ~ug~ r as a n mplinll tool. Tht use ot aQ-
· ,alll t r ismOlt ene e relPonli~le ror contamlll:lotloll or lo~er l amplillg depths by loo5Cned l<Iil '
part Idle. trom tbe U~~J leY~b. :~ . ~ \ .
Lutl d al. (1973)ltudied tbe perslsteeee and movement (yertinl and bter31)of piclcra m
~nd i; 4,S-T le 11Fanoi n t1aY~lo3m (Typic~~It), a C'b:loodle; fille I:lndyl oain (Dystroc:hrept )
and a Cbster loam (Typic H3pllldult) in North Ca ro!ib:l,. T hey found th3t thu e "':ISa t~nd ellcy
fOf both herbicides to disa~pe:u most ~:lopid ly from rhe Faonio andlc;;;ap!dly rrom the I
Ch311dlef soil (ibid.,488). They attr ibuted tbl.lo tbe low hydr3ulic.condutti vity or the Ch:l. ndl~r, .'
soil which is Olliroll~ t entb thal or tbe Fallllill and C,bnter soils (ibid.). In addilion, tbey'n ol-l'd .
tha t th~ cdtin] inneetioq poioh on t be degradlltiolleuNe' occurted at 15 daYI posl~pr ay for
2,4,&oT and at tbe 60 and 100 d~Y postl pray periods ror pitlo;aniJibid.). Tbisltudy is mq.t .
. ccrnplete in tbe la mplill&desi&o (Lati ll Squaret) aDd quutionabl~ ill',olle'ol two or the concludipg
.tatemenh, 'Dthele,ollcludia,par'llrllpb orthiliartiele theJ' I(a te;
Th e data/p r~unted '~ ullelt that losses of ihe two herbk ld« by lur face and'
eebeartae e JunoUWm Dot he a ploblernoll t bue,lOlb , eYen wi!bl(eepllopel,"';b ell the
herbieidu are applied ai'rel:orrim:rnded rates . Othe r datalulSut that the reb tively
bighorllanlcmaUerco otelltandcatioll elChllllliet 'ap.acity(tompared to other non
mountaiDoUSlolitbernloils) lIodoubtedlywereimportalltill limitinllh erblcide,
movement • •" • .
(i bid.)
Witb Jde rence to tbe .firl t quoted,leo tellce)he ie are two poillts to consider. Flrl t , mOI~ operative,
cOlldltlolllu';der ....hlt h hu blcldu are uud do not illtlude leed io&the llroulld with orchard .r.r3-ll1
(Dlld,ii. g/omtrll lu.) tbe year prl~ r t~ &he .p ray application. 'Tbis condition Iimitl the cxposure
of tbe mioerai loil a: rain Ipbah erol ioll, &bil ~aJIb, overlaod now .Illd~th~ rt'O r e !ollm or · ~
herbicide~y ruoon, , In additioll, llrllli rootl lleouall)' ha~l!! a much grn~er lur face atea,~~r
m' •.than ·tru l alld Ibrubs: Tbill ractor del~rmlot1 the . mouul or IIlrface area available for .
brblclde abllorptiol:l... well ..._havill' tbe property of holdio, tbe !Oi) tol d her a.od hi place ; thus
miDimiliDIuOlIioD. ~eoDd, the nperimnt Wall coaducted oyer the .lImme.rperiod (JUDe through
Sep~mbtr) wbeD IOUmoistu re demud is at ita 'DDII~ peak aDd 'Ullort is SClleral1y low.
" 01!uer, lf tbe y were 10 cury the ~.pe rimeD. t over into tbe lalll ?ctober tbrou, h Decem ber)
'll'btll 1011mouule dem_lIld -ded iDetI, I tld predpitathlll alld roDorB ncrc:ue. the y m..,. bave fouud
Irn~~onmiDi·;rbo th pic:loratn aad 2,4,5-T. Wi~b sereeeeee to the ,ec~ lId qllO~_ sentence,
the .h1l b c~tioD eJtcbaale c~paciti 01 these I(ILIs (ralll e: U .8 :- 11.8 meq/IfK,~) ;'ay 'be a more
import'lI ft'dor iDlimitiD' herbicIde mOvtmell1 tbab tbey ' llunl, MallYauthoritietlb ye ~bowb.
· t~~e ~i~Di(i.~~ce or ~li 10,111, l ilio lli !oS weUau .'lollll', u·.~tea tor herbicid~.orptioll (Haque it
lJt,'. IM8 ; 'Mort lalld , 10Ml;G ronr, ~g711,Bon1 r:t 01., IV72; Grover alld Smith, 1974; NearpaN.
1V76;.T eree aDd CalYet, 1G78; M~;ln ·d . ~t:~ 1~2, pp. lrf.176). ~ ' " , .-
Thlt radiOadil'ity of i. eomPOllD~ (lIlu l!J'~earboD. I4 ) ea Dbe dew mloed by direct e~lIDtial
uliD, ~ .Ducle... ~IDtillatioD IPed~meur. GiveD the I\ul or :" radioactil'eb' ia belled h~rbieide iI
• h OWD, It " pouible to follow the iad~tI"ed portio Dl or the eompouDd tbro lllh its met aboli c
· p ~i bw;", ~e', th~ulti tbey may occur all tr~e amoll~ ta. Thu I, the p" or ;ad io-ta Ued . '
, eompo ll Dd~ iDere~ our tuow fedle or berblcide beh~Y ioll r iDlOib (Non is, ~Q66; Smi t b, 11173;
11114; VanG elllltb u D' d ~ l.; 11174; Rhodel , IG80; d ,!l., Ig83 ; Hall'e" IQ83), No~ril (IQ66)
..mpled the foreet r1oor.litter iD..all a tte mpt to ,lde lld ry the poteDtial r~r IlItfa:ce rlillOrr
eODlImlDltio ll'Or It rel ml . Tbe uperimltllt did Dqt exami De tb e posaibility of el ream
.,- " . . , ' \ .
(oDtamID, tioD by l ubeliTraee rUlIon . JD addilioa , the experimeat or Norris (illid.l. as well iii tboillt
or Smltb (1G13; IW4) , wer~ eODdlicte4, DOtiDt be field 1M IUIder labor~tory etJaditioDl. O D tbe
other baDd. Rhodea (198O)I tlldied the delradat ioD orlte-I abeled heltalill OD;uDderrield .
IrHabo,, ;e ' lid labo rato ry coaditioDl. tllIl. ell.blille eomp';oa. to be drawa. ' Aeeordilll .to tb e
m~bmty claNirie at ioD Kbeme or HrI1iD,'alld T~rDer (1* ; Helllal ' IG11e, '11I11dl, tlle m'~ity or
hex,aiaoDe ID the fiehi corr~poDded to tbiD layer ehromato l rap hy reeull.ll, "ClalIl 4, Mobile"
(i6id" p.314)~ 10 add lUoD, field 1061or rad ioaCtiv ity correlated witb the product io.Dor .14C0 2 ia
,biomr~r nub (~bodee, 1080, P.314),.. Rhodrtl (i bid.) fOllDdthat dtlrad~U~i paUerDI we~ "
limnar lIDdt r both eOlld itloll. o.f_{i.eld alld' l r~ll hou lIIt , FDrthermore, the two MIlt. uud ror the
.reltDboa~ uprrlmeDl, FalllillltoD l-a;d y loam ud FiaDa'all lil t loam , exbibited a limilar SO%
dieappear allce time or Irtli t haD" mOllt h. (ibid.). F or tbe MIlleuDde'r field coad it ioD' ht fOUDd
tbatlbe tJmt for sO % lou of Hereeiduet ~u ca . 3-4 mODthl le Dtlawar~ (Ktyport. ill loa~l,
607 moatb ID IllilloilIFlao• • aa . ilt loam ), aad 1l).12 moDt b. la Mill isli ppl (Oulld~ .il t loam)
(ibid.,313). He did Dot upialD theee dirrerrDeee,tboulh 'h is labora tory leIta .h o"'wed tbat ' ~
bnaliDOIl' ilde.radedby mlerobial aet ioll(ibid.,3H). • •
Altom IIld .St rit1h (11113) Itud ied t he dtirad a tioDof dicamh a, plcloram, 2,....0 and th ree






marilandica).nd POlLoak (Q, IItlfat0l1 f,om tbt nt~fby opeD,tauy arn. and Irom • brushy oak
. rea (ibid.,S16). Tll~ :ind~omposed In.vf! and i;rau Wf rf removed, and tbt top 2,S'em of aoil
alool .with tbe p:r.rt i:'Uy-J~,)mpo!fd litt er WMsampled aLt:l~h ol t be tb: ee areaa. Tbb \
uperiment udude.l the i-n' ~i1ti 31ly importaonotltribution of andeeompesed oflallic matter 1"
alla~rb i n, ma ~rix w!lich inhibits herbicide movem~ll t . The undecompo' ed Orl :l.llie matt er
burrera the ecilI rcm ralll spllUhtr oslon ud shu~ wasb. alld IIIcOlljullctioll with itlhilb water
boldill.,tpaeity, slows dcwe the movemellt of the waler l'Illdtbererore' tbat of the berbicide ~.
well. Tbe u .pcrimelll WMcooducled io a Iro wth chamber uoder ecatrclled tollvlroomcot:ll
cood i tio~uliol prepared lOils. They found th:lt for dieamba, pido ram and 2,-1-0 the balr·lives
were 17-32 day. , grnter tball 100 d:l.Y' , alld .c·Sday. fe.pective ly (ibid.,657.S50). Thcy condud~ed
tbat the amoullt Dfherbi cidede,raded wlU le D:etally djr~t1y proportiooa.1 ~o ..?c bcrbielde
cODcell t,at i~ o a~d t bat type of ngct:a dve cover or loe:l.tiolJ of acll c~lIect~id b:».vc an Innuence
on dCI,ad ~tioll ,O~ all the herbicides u c.ePL2,-1·0 (1~id ., 559). . , . .'
.Sufmn, d of. (197-1}ltudied tbe lateral loss of pida ram and 2,-1·0 rrem a forest podl01
d uriD&, ~1.iDstorma i110el:amere township, Ontario" .After 13 mOllths t~ey measured ~ lola l loll in
rapid rlllloffof 0.22 %of tbe'applied plcloram and 8:10 x 10-( ~ of tbe applied·2,-1·0 (ibid.,303).
Th ,!ll l~ these lo5ses are negligible they arc 'fu,ter thaD t~use obsened by otber workera cited in
Ibe uticle (ibid., p.30-t). HOWeYer, tht, low values dctee-ted could be th rcsult of dilutioo.. T~js II
possible when one cOOS!df'fS tb~L thf' expf'rimf'otal plot ls 625 m2 and t h ~':atchmcn t area rro~
whlcb ibe waler ~:i.mplcs were collected b; minimum 01 1200 ",2. This means t hatl he wat",
n mple's1:I.ken lor residue . oalysi. We'rf diluted by :1.1\:l.ppto,dm:l.te b elo r of tWt>. Davi. , IPlteho'
~nd P u c (1V68, cited III Lutl , d ,d., 1':173, p.-I85) atate ·tbe percellt:r.leof wo.tenb ed treated and
the r~sid ue (ppm) concentratio n hi tbe water tro~ the· total watersbed;.11very am,all but crit ical
plece of lorormllt ioo. Furth "rmore, hcc:l.useSurmog ditaot fully cbar:l.C terlze,t be loll,
inlerpreta tions relatibl to c:l.tion uchanle capacity and anilable adtorptionsi tulupplied by
b~~;ated .ir~o oxides (mobile iroo) (ibitl., p.304) could be mbleadiog. l ~ b importan t to eet e Ih t
the workerl did oot measure the level of r~lidues fouod io th e soil. Th is It ud,. could bavc
achieved a Ir eat er level of utilily by t:r.kin,a mau balaocc-Ip pro:u:h Ibroulb analY1iniioil
u mpln. Thia jr,pproach would bve given the IDpull, t broughputs and ouipuis (u ; ept loue s due
lo gaseous phase mecbaniaml) nee~sary te balaoee t be residue-Ioil-water Iylt em, Tbe additiooal
coat lo aaain c soila lmp lea abould ban been mioimal betause SufmoS lp pareollfdid the work
himlelr.aad hence, tbe beoefit would bn been maximized.
Siron, Fra nk ~nd Dell (1077, PP.5211-~) cOlldueted a pmlatellce I nd' mOVf'ment Itudy of
pido ,a m applie4 to the'me~j :io aDd tbe Iboulders of blgbwa)' "t0 1" betweell WiDdsor aId
Klosl loo, Ootatlo . The)' foulld tbat UDder climatic conditlonl or lOutb wutero O~tarJo tbe
plcloram WM, ubetlntli lly dispersed andattef 30 mo~tba only tr~~ amouoll wefe dele<ted. hi
ae
addit ioD, thyhoted tbat la teralmove meat ....ea aot ebserved . Fina lly, th y coocludedtbat
pidoram applied at raus up to 3S0 II:lam l act ive ingrtd je~t per bedarc rver., thr re l eals' dees 001
build-up in tbe t op SO cr:'!or&OlIl'b~d.; p .~261. 10 tbeir n.mpliog design IbcY·U$rd tiar tra nsed s .at
rigbt I ta tioOI over . dil taDcc or 580 km for n mplio&tb e Ir ouod. Uofoltunatt ly the'e don Dot
Ippn l to be an)'llatcmcnl U 10.wha t type' of d~IIID It is DOl aD)' rU lon tor th e cbolee,of tbe-
du iln l ibitf., pp .527. 628). FI.l1tberrnore, i! the)' begin th e nmpiiol usiol a Shelby Iype coru for
the period or 196Q.72, Ibn wby fot tbe pr~iCHI of lIl73.7S. do they finistrtbe experiment usiog aD
lugcr!' The Shrlby corer is .f5em 1001 and tbe augcr is Ili ern long. This meaDSthat they must.
take t bree 15 em aUl cr umpl~ which is of course lo iog to coola.mio31e lower levels by soil
particles beiog I008C1lcd io lh~ subsequeot 15 em upper lev·eb. IDthtir discu55loo, the; Itate:
.oo both aides of tb e inediall the' middle portloa rebiDcd the pidoram for a loog~r
perlod oCUmethao tbe· top or bot tom. T his iodic:r.le' ,th3tthe lrueldraluleat tbe
pavemeot ed,e aa well .iLI Ihe ditcb Ii~e·c reated a water couu e which hasten ed Ibe •
picloram wuhout . The fact tha t pkloram did aot accumulat e at aoy par t icular
IOCl1tlOD indicates tbat.laler~o,emeDt of the berbicide,is I.imi:~ . .
(lbid.,p.630)
The location oi th~ ditch is not iadicakd iUD y of the ir filu~e, (ibid., pp.528, 531)bu.t I h~ uld
bue beeD,'beca uae if the ditch Haehelped cre; te a water eoune which'bu\CDed the picloram
"':lIhout ;heo does tbis n~t ",eao tha t the pidoram mus't have fiut mo~d latera n; ~rore It' cou l~.
eeter t he water coursd One upec t of tbe result , which is coo, bknt wilh -ot h~ r studiu indicates
Ihat a 13, occun: 1.6 monUrJ' po5b pray for the 15-30 em depth,:11.6 months for the 3():-t5 em
depth andd ClCs eer eeeue for the 0-15 em depth:- It isiot~te't iolto!pecubte tb at if tbe te had
beea • more i~te05ive s~m pli ol achedule nrl,. inthe experimeM (ODemore data point would hav e
aurticed) th o I suapect a lal would have bpo ob5ClVed io.1he 0-15 el1ldepth l ome lime betwe;'o
the filllt (d:ll 0) aad secolld n mple poia~ (day 19).
Chaog'alld Stritl ke (1977, pp.184.18?1a~udied ill tb e b borator y l orption, I)lovement and
di"ipatioBof teb uthiurOBin four lo ib a Bly prepar ill&, al rno5t, the top 20em 01eee lOiI fotlwo
. dt ptba (0-10 and I().:!Oem tor a Udic Ariiultalb, ZaBtis 5C~~5, n lldy loam) (ibid., p.IM) . •Tbe
otber t hree soils used were 011,.composed of the top 10 em:'Typic Pa lustall, BetbaBYailt loam:
Lithic D, strocbreph, Hector I~am; PSII,!,metle, Eufa?la s:lod. Th is muDS that c0":lparlso.o5 ee d .
e~B tr:l4U arc restr ic't«I to the top 10 em of sOil. CoOlra3tilll two or th ~ _tuturaIlY dirrereot aoils ·
. · aivel a rather l oad example of tebll lb i ~ ro o" aorptiol:lo·.od mobiJitl- The two l oils have particle ~
. ,l in distrihnt lool a!ld ori aale matlu'coDteBlas followl: EUfaula: 95, 3, 2 aad 0.3 %and , H~ctor:
40, 37, 14 IIld .. 8 %u lId, l ilt, d ay aI d orl lll le matter , respect ively (1&"') Tbey 'ouod tbat
.d50rptioll w~ greakd 01 l oil withtb~ blih~t orla ole mall er IIld cia,. conlellt . Htetor loam
adlOr.bed 71 % veraus 11·% for tbe EUfaula.;;d (ibid.• p.1811). l:addllioll, 'detlOrptloDwaa




"lehutbiurOIl 'I'lL' desc rbed a rter six 511cceuiyc w1.lu utr3ctions rrom the E ar:lula 5:llld but ollly 60
% t be bClbidde w30ll duorbed trom tbe Heete r 101.111 (i6id .). As ODe milht tJl;pect they 'oulld tb:lt
movement ....as srratest ill the Eub"l" u nd, wherr t~butbiu rO ll mov\'d witb tbe wa in trooL.
Movement was si, oifica llt ly 1m 10 th e Hector loam aod tbe Bethu)'lilt 101im' [30.0. SZ,Z, 11.8
aad 4.4 %saud, lilt , eli)' aad argillic meuee, tc,putivel1) which tlvY kit 111 (1.1 b~ !cb tt<!more
to the 501blll&l urf:u:es thaD solubility III w~ter (i~jd.). III, cnr ral, their dissipation di!('un; ODIs
. too bri er 10 Jlropcrb' du.l with penistence 111ld th is is particularly true or Olle P,U:&l\13P" wll\-re t je ,
oalylodicatlob ofpc lt istencewasthcltatemeDttbat, "tcbut biuron was rairly pcrsistcot since
t~uc wu ,tilll,owlb rtdUCt.iOD or coro enee locuha.tioo ror lGOd3yS." (ibid., p.187). Th y ~ad~
. .
ravoun~le compar isoos with the results or othe r work er,s luc.h ;Ill Bailey aod \~bite (HIM), G roYer
(1075I, Helliol p071d) and , Aherll3.lby and Da.vidsoQ(l OHI wbole Itudiel wh e c llndu ~ t~d with
"other Iu~t i tu ted urea herbicides" (ChaDSand Strit zke, 1077,.p.186). Th is Itate meDt d~5 not
aim to u~dermiDe tbt le comp:u ilolll alliio.. r:u:t lWumu Jb t they are ,!atld. The po!nt to
esta blfsb bere Ia th, t tlNJe .is ror lomeuflk~owlI,e 3.Soo a lbortaie of litt'l:r.tqre: re l:r.tiv etothe
' ot ber eeleeted herbicides, 011 ~ubj ei:ts dealill' with teb\lth iuron. •
S.uol (1982) exarnlned bua.,zioone persisteoce ill t~ tb erniie T.ypie.Hapludults; a d 3yey ,
kaolhiitic"oil (sand ~8 %, ~i1t 13.?£ llnd tillY 39 %by voluJhe; n~l:r.o ie matter, 2.21 % by volume: .
CEe, 7,.OS mell/I OO 1m; pH, 5.0.; bulk deolil y,lAOem / eml) a" d II fine, Jo"my,liticeoul loil (nnd
78 %, lilt 10 %AOd e!llY 12 %by vclcme: or,aoie mane s, ~.8 1 % by yoillme; CEC, 3.33 ..
meq/I OO gm: pH,~ buIlt deOlity , 1.66 ,m/cm~l . T he,persisteaci :l!Ipect 01 thc It udy "".:1.1
.. limited to the top 24'em of.-anover Ir ared p:L8tUle ne:'Il Opelih and ab~ndoned crop bn d OI!:V
Aub urll,Alab ama (ibid ., p.l O). s uo, rouod tba tror botbloil. atbotb II low and hi,h u le or
llpplicatloo (2 kl /h:l. 3 .1. lIer ' U8 4 kl/h~ 30.1 .) 50 %or the herbicide diJllppured witbin 4 ""eeh
(ibid.• p.21). Sunpbo rouDdthat in ,e neral enry layer (0 : 8 em, S . 16 em and 16'· 2~ e~) in
the ~ Iay ,ite bad bi'b er bex:u inooe eooehtra'tiou tb au corre. pondiR, laJ ell from the IGamy und
eeil ex~,~,pl. for w«1t 0 (ibid., p.27). Sbe. atlri ~u tuJ.h i. ~ ali at io ll to tb~ h igb~ ca tion u~.h:ln,e
ea padl1 Gftb e elar lOi! (8.0 meq/IOOIITl ver8U 3.3 meq/IOO , In) and the iower ral nlall or d ay
site hi t"" or the nndy 10llm lOil aod '~i te as likely ex planations (13.0 em l'tI'8U 3S.7 eml i ibid.,
p(64). II is likely thllt tbe 24 em depth w:r.sof limited Illet ulloen, linee le:u:bing or herbicide
movem~nt below that levt l m:l.Ybit"impor\ i iii.ia the bumid aoutbe:ut nf the U.S.A. and mllllYof
.t btfe. H aPIUdu ltl ~re old weatbertld lO ils ea.sll.r 2 m thi ck.
Blume, Litl and DorinI II083) b,uied ~ut dirfereat experim eotl in Germll1lJ aim~d it
fiadinl limp le, metb~. ror rorecastiol tbe bebav lGur of otlaoit chemicals io:. olll . Tb~ulb tbe
article lacks informat ion.conceroing tbe nmple dnign and proCedurei tb ll Itudy ia latbe r
compreb~naive aa it In.eludeslaboratory u well u rield tlia~. I~ the tGp.oil ~r. very acid








'50 %of the Z,4.5-T;1.II reeevered after r~u , w"ki lo June l Q80 (ibid., p.211). Tbe y were
sur prised to find tb at tbe, e wa,a almo, t no tr ao'l oeat ioDor 2,4;5. 1' b«aUle the tritium-labeled .
water h d mcved downward more tban 30 em dur io, t his lour week period (ibid.). 10:i'similar
tria J in Dt"' ~l nl:~r 19~O. Iitl le mournen! of 2,4,50-T lOU ag;in det ected In the humus rich. to psoil of
the Areoo';",t ill adJi tion, 0011 16 % of the 2,4,5-: was decompo5ed ill tbe addle AreoMol (~·bid. )
durio, the rirlt t wo lOu ks. During tbe suhWj,utnt 3 w«b wit'" • lOil temperature ra nge of 1.3 to
1.8 dcll'lIflceb.ius,no 2,4,s..T';asdcllr:ul.ed lo tbe fofc' t aoil. tbc[0l" lOiltempeu.turc
~iDimited the ~mp05itio ll aod increased tbe risk or ou tw~hibS down t.O the S,o Qodwate r
! .~:~~:::'j:;2:~y::~ :'eU~;s~r~::~~rt::=~~C:Il:::O:::~:~YP:~ :::~~~~~::r::~::ll:::rl adsorption experiments .. itb a n add itional ~ difren n\ 10 il"lamPle~· v~rif'jed t ~ e', biib-~ad5prPtl~n by
) , bigh c~,nte n l or.organ ic mat1H :and. upd,er conditions or," IO~ pH r:loge of 3 to -4{i6!d,. p .~13~,
N~rr is (H170).eelleeted and ~fep:ued fort !t noor~:l. te rl a! (L aDd F borizons; see IOlh~~~ioD
pa,e 11 for e~plaDatioD of borb on termiDoloul fro m benea th red alders (Ainlll ru6rll) in,Ore&on
In or,de; to d.~lerm ioe t~ 'dred ordiite;~D t n ,tes or appllcatlo~ ~f ~Iec ted j~ltc licid,~ 'res l~lIes ..and .
herb~ldecolltbinat ions 00 de&u datio n or-4 herbicidu{2,~D. 2,4;5-T. pielo_um, ~d amllrrole) ,
(ibid,•• 03), He report ed t bat 56 % aDd 65 %of tbe 2,.·D applied , ~t 2,24 h ib a and 4,-48 kgth
respt clivdy, were recover..J from tile forest nnor ~ll lerial 10'd~1 arter Ire :ltrne ot (ibi~~ ,406l, '
Pidoum b' considera bly mo': resistant, to degradatlo o tb~n tb e otbe~ ~ 'herbicides libid" -410} ¥
Norrie repo~h , a 65 ~ n.~ 59 % recovery or 'th,e pld on.",mapplied at 0,$6 kg/b~, and at 0,56 kl / ha'
with 2.24 ks/ha of 2.-4-D respectively. 180 days aft er treatm eDt (ibid.•-4OS). Alain th e. problem
, arises lbat t he experimtllt is limited to soil surface otsa~ mat erl:d wbicb ~nderg~1 t~pe rimeotal
pretrntmentprior to hefb idde application,
These studies are impor ta nt 10 industry.goverllmellt and sllCiety. bUI w.ilh u ery step or
phase Which, remove:. tbe experiment rrom field cOllditions. tb e relevance or th e l'6uih to real ' '
worldlj tua t ion dimioisb, - ..
".J. l . Mp d el,
; lIy •.• mOdel d~~cribins the en:i:OllmfDt~~te~istry 'aad ~baviou r of ~~.~iddes would
e method ror " ,timatinlepirollmental expeeere levels (YII d ," !'. 1971>; Mackay . 1070;
Eaebe ;r d liE.. 1080; Mackay lind PaterlOD.1081; McCall el 01,. 1083; Yoshid.a d 'IIl.• 1083; ,
Environmenta l Proteet ion Servke, 1086. p,251. for lWmilll ba~atds to people (Moghiel d 1I1..
19l}O:,lllau and Neely. 1983; Nill d ot" iOBaI.'and for qllllntitat ive 'ducrIPtlons :! tbe ra te 0;
traospo rt of chemicabi in terr estri al eO'1iton/TIentll (Van Genu-:h tell et 01,. 1117-4; Escberitoed~! d
41,. 1083), ' .~: "
' ,,'"
"
.~: - ! "
!, i
Macby (i P79) sed MaeKay lUId PaterlOD..(1981)'ale avid prDpi!Deoti'oC the Falac ity
·approaeb wbitb tbt y Pltsellt as lUI' evaluatlye m~el rOI e..timatilll tbe likely beba1'1Olr of toxic
ebemlc:al. i~ tbe eIlyiroornellt . ~'~Ilce, tbe "eon rOltlllellLis ~ompar t !JItll t~I~~ hho ~b~~ (i.t .,
alm<t6pbere, lOil, water, aquatie biota altd a~apellded solids,aliiatdisnrnt) wbich Ieed t\l ..., .
't qullibrate thtOUlb ttllllSrerm«baoiaml wheo 'a texle IGbataoet is hfjected ill~ this. °bypotbetical ~
but typk-a1tllVirOllmtlltO(Mackay, JW~, P:12UU. The a.lithordot! DOtdtrhle this,ohypotbe tic:"1
bUL typiul tIlvirollmtlltO but rath er rtfen the leader to otber I,OU~ces ror rtit ullt illiormiti oo.
- ~ . .
M~k.ay relard a fUl aeity all the °tICapm&, ltitcblll ism of a 'chemical Iubatallce rro~ .. phue .° aDd1· ••
makea tbe alIalolY·that : Ful acity i4,to masaditrllBioD aa temperature is.to hnt dilf:,ioo. Maas
t'~ beaL)'alwaYIdirrUKSrrom ,high to low rUlaeity (or ~~Ptrature).,o (illl'd., p.121,Dj. Fuiadti
dept'DdaoD tbe killttie aId eq~i1ibtiu.mda~a oCthe toxie subst .nce alId..the pb;li o-eht:nical ."
compartlllfll t prOpertiesoCthe t~V i rOllmeDtarParam;t},I. · ,Tbii appro~h bas tbe adulltlle or -.
• l impli ri iD. l the;oinplexitfeaorthe e llviro~~t~aus;it purpo rll·a '; e fJ le ll eral)tnodtl'iO le IY "
... dePeadaat 'oll pbYl icall~wl. · In'~di t.ioll, t co~pariaoll of fUgKii; ~t:;~11 com~art~t:1.· ea~ .
pr~vidt i~ailbL ioto pe~tkide ~~,c~', l ioks 20d trmporhtioQ~Ulta ( i6,~" p.cil~l. ThO~~~ tb~
rugaclty aPPloaeb_dirren rrom t,he approach or this tbeRia•.the for.~hcomirll cbptefl Wm.ll~ :i.dd
· illBil bt iato t~'eae II m.e aspects Dr berbit:i?e bebav iouf~ ' V.an~atioo or tbe model may ~Il~ ~ •
poBSjble tbrou,h makiolltller.aJ compa, iaooa with IlUmerflUB otber atl/diu dr obat"~ rei due
cOllce ll tTatio~; ....ith the rUIacit1 predicted vMues(ibid., ~.I2231 . Thill N~wfoulldl.lllld ~.~'blc:ide
Itudy doea little ' to vi.;id ate' th~ rUlacity approaeb. Hcwevee, it ill o! Ireatt, utllit/l~aD r~ ..ac;ity
witb rtapt'd to the loil compa;tm eDt because"g,r,lbe i"IIO"rmouBareJ ~,\leDt ?r IMlreal rorea~'
podl0b io circumpolar ~oll ll t,iff; T~e rUlaciLyI Jtproadl 'promisn,Lcibe very u~rul for
· prelimio2fJ' en luatioDor a product ber~re it t~ten tbe c~lIlmercial m2rke&; t~oulb tbil ,t pproaeb
is bot .witbout ita limitatiOIlI. ADexample of e ee ruodamt'lltal ploblem is t bt cboict er .
com'part mellt yolumea where otlanic earboll c(uittOta are 2 aol .. %ror ~il aDi lI:dimellt, . '
· rta~tivelY (Maeby l ad pa~eRC!Il~..t 9.81 , p'.1010j. It ill obyjlu l tb.t ~ft\t'Ya!utl"'e i~ aiIequate
f:lr toYiroomt~tl ill wbi~'h ollaoic u rbooJe odBto aecumllla~ io the u'pper aqil horiiollBill~tead
" of t.eiOI ;tMimilated by tbe Itiomw. ADOt~er p.oblem ili tbe aasuinpliOIlor firel-order prOftutB '
'Wbicb they p~cribe toJIl otder to avoid the co'mplexities Dr hilbe r ord..r proetUtl. Tbb probltm
will ' a~pt':u al aln duriol the reYiewsor Yotbida rClIl: l (10&3)alId Var/ q tJiucbtu rC lll~" ('1-07..,
....t~ln (see pale ; 30 ror d~~Slioo). ~eYer l h e ier.s , ttl! FUlacitymodtl U5<!~ a.I/7'01 w.~th more
d~tailed Itudi~ cou~ ", ovid.. for. comprebeDain ... d iotegratiyt apilr,oacb to pnlidde
• relulaLioDaodm allalem"llt . ; "-
• Yoabida. Sbil~h' aad Y..ma~cbi (1983)P!O~ ~ 1l01lIte~1"t..te eqailibrlum m~t1 •
cODctptuallr I ~milar to tb'aLor Maetay-( i6id., lWG. p.I223) whid i '!Iakn QH or ....,In or
· dirrtrelltl al equatio~a. The ~Ite ~r dbappellfallCtof a.cbeb]icall~ ' tbe e~.lrollm1et ill ,inD by ~!._





MT - th l.,t ~1 nla&f,of III.'. c b c;nk~ ill'the cO'iroomcol, ._
I'.~ the,.c~tnl':1tLh;e..t cO~polI-ill l the ell'ir~llmUll.o the """"comp arlm;,a t , .. -
, t.tI . ,~ir . wall:'f, Ioil,aqu:lti<:biotll,clc.,
At; _ tbern 'au oft be ,cbernlcall o (ompartmtllt i, _;•
.t. _ the aum of firlt -ordtr rate COll.talllt or tr30,format[oll aDd aduct ioo
. ~ ' 'procft4n ill compartmu t i, .
This model, iib tbal or M~ii:.)' ·" depend' 011 nn~rder 'r:atc co.o·l tallti (k,)~b i~b n.i5~. 1 crit ical
poi~t ro,'diacu~ioll (aee'p :l.&t 30). 'Yi!Shfd3 a 01.'. model (i 6id.) is a rlllui!)' 'model "hleb
"timat~ tim~o;(~llir.li.io~l·r~;.~~IY the ~iot~ (rai'b), W':at~r alld ie<!init llt' ~1l'i ~Oll~~~
Cllmp~tmtll h. ,Tbtl. rouod tb~t _ror tbe coilce~tr.tioll.ti~t p~oril~ ill,wate r . n.d b~ob.- tb; mu'[1a
were COIl5i5~'t~l witbtbc mODitortd~colleeDtr..-tio,~'. o~ Niie~" poDd ~x'Ptr ime l1t (i6i~, ~ ~.1~6J..: - · .
Furlltermore, tbey eompared tbtir (Itedieted i'elulU witb·t bt mOl1ltO/ed relul tl or the. 'Jl1pUlue
EDl'.ir~DmeDI A,ney to;}2 .'U~~~Deft '''~~tb.e)' ;~Ii D ~. thj~t IOlotthe 12 ~~bsta""en ren ~thi~
aeeeptilble raDI" (i6ilf., p.187), Howeyer, the ."aeeeptable rallle" ~ set as ODe-tn th to thfold :
thfC~a_e~Dtr al.iol1 r~ io p~~_ieted b)':,t,heir med el (i~jlq, n et i1dea.d tbis larle ~eceptaDe, .' ::::
.i.Dlr rn l b)' ;tl1,lilll _~ha t il ~ a, "hypol~~.tkl1l do sed .Y ale~" , th.1IItbr re are ~.o iaputl or out~~~
_, (i6iol,). All Improyement to t his.ahtle or · hypotbetical dos ed sYll.I:m·· mode l would iDcorporate
th", inpu ts ~Dd OUIP~ tI rnultilll in ::t. dYl1ami ~ ';;od rL It .~h~u ld not be.tee dif~cU lt to ~,odrl :l ll •
, open aji.tcrq on a ecmputer as hydrolo l ilt a do for "'.l1leuhrda, both real aI d hYP;Oth rtie :lI (Chow,
lOOt; Sopprr !lad Lilli, 1007:,8ell aoll, 1068; Rius, 1068; Sh~l toll , 1 07~, 1\;181; Cb::t.pmall ~lId DUlIin,
.UI15; Tajebmall r IOSII: MOllltli;i~~ 'or ": timaliDI predpi tatioa ,:.solar radi~tloD ~ad toxic ~'I
. ublb aen as ' the IIlPliti to th .. rlIViroa'mrll~, modirl iilltheM equilibriuni alld Ulletic models to
accomoclat;chUlft ill voll:mr alld accell ibl e cOmptttmelil.8 could yield the outputs or water alld
t9llk::t.Il~, .. well ~ thr masl or C.Ollcntr~tl';lI d ist ribu tio~ rractioll, meaa resid~lIcr tim., a~d
· c.oa crQtrat io~proiilf' ro, tbe cbm iu.1.
V::t.o Onuchl~. Davkb oD,aCldWiereala (I\;1H) eY~lu atf"l:i.oetic! aod.f'quilibrium "l,lIal1ooa
.- ' ~ tor lhr prtdktlon o.r picloum movrmeot throulh po~ou. m;'ia: Tb olilb ~bis ::t.rticle preda~~ t~e
pre-Ioullwo articl," It h.. witbstood the ~el t ot tlme ._.of their COl1dUlioDI~ele~.~ t to this dut{,
two dall~ 0111: For the lOil trltrd (Norle ~oam : IIH,O,O;cati~a u~haale cap~l ty, \;1.2 m~!IOO,
i m;or.allie m::t.Urr, 1 .7~; ..lid tO~, alit 38 ~ aId ~Iay 10 %1, adlOrptiofl-dr.sorpti oll callnot lat·
c!ftt'tlbed bfODee~1Iali~ (i6iol., p.311, aId that rin~rder killdle :'~l-r rqllatlOb;~lIle ioadequatf' .
tor prrdictiol plcloram mO'f'mnl ..t bllh pore-wal-rt ' fl ocitl", i,e., 132 alld It S em/d ay (itid., .
p.33I. Th_ faet 'bllt adlOrptioll-dnorptloa caOIiOt hi! delCrihl!d'b1 one equatkill' b 1I0t lIeW'lll
bldtolou. ,:,ard ItV1$, pp,13$o142, 1~1'IOO•• I71.1771 dlacuura th~r, alld ·prlnciples. l ad.
rulew. th wor' or toll molature auth orltlft . A problrm racrd by hldrolo&iI~ " that ror )111
. (' .
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par t iul:a r lJOillu.lllr~ ',poe (t_, .• la . d1... ~ ll dl 103m , 101m, c131· Io:am or d3)') lb w~lIi.1 fro l t
will ~ dnuiMd b7 :I. dirrtrnt f't'I~liu 1;':1.11Ibt dryi lll ftOl1 of tbe IOiI. T ht rrbt io..hip for lfir
· w,uil' alld dl'J illl or ~b lOiIdr~~. 01 t he 'port aize di!lt ribut loa ud t hl! . ...rlio D at thr :lit -
....a·lt' ie~r rac:r . . M L1lI! 'Qc~ "' '' .&lI&~ wit h ~t!lf, a w,uill , or dryilll aoil. I ll.. . ...lqmrl' jc, ...
mo bt,re'«llllni~cb~,n. u lil , er'!' h i, .. I~ctioll' 2lt ' t.:Kbrd ~d port .p:u:n :af t lAoSl b - ._
rilled .ilh air . AI whk " poi_I tht mobtuf' CODIU I U iDcrt:uio,l, du 10 adsorpt ion. Tllit
" b. t io.,hip ill r.nhr, complir "i..d b«alIW ""'11if the ..~tio. is ~)d ee..taDI, lb , ,.,jl~t"r
c~DtnL will " arr d:p;.lld i ol ~••beLlo., the Mil it ~illl ~dkd 'o r d,itd. T his ph;.oIMlon wbit ..
dl:SCribft the dirrrtnce bt l_ « . the toil rli.oi$t, rr cOlllr.' ot :l.wrU in, 1" " 11'- t h l of a dl'J'illl lOil
it rdtrnd to 'u H" ' erui •. II.ma, be Ihl 3-eomp3risoll lo~ ~hleie:l :llill l tb e proble m, 01 findi~I :I
.i a",le ~uatto~ 'or 'bt ad.o rpltoo-dnorptk. o or ptlticides i' lh.. lHIil u~ bt- m,d" .ilb 1I1~~r"il.
. ' . . . .
' !:~~~:: ~~I:=:emw::~~o:b:o:;~~~t~:o: ::~t:C::~:i;e:~::e~oi: ::~~~3:fI!h ic h
· lur;b~t mi!~~..,k~ t.h ir adlOrptioa wilh ,lHIiI p;l.rdd.". Th coa ch/siaa Ib:at fill l.a rderl ki/l('lie Ule
equ at ioD' ar .. IDadequale to pred ict pklc ram mllYem!pl al hiSh port-w3'l.,rrv.eloeiti e. l, eeleted 10
. i the problem of fio<1io, tlile ~ulltioo ...bk~ de.scribes t be a4$Orptlon.delOrpti oo or a peslicide io Ih..
soil. IIIorde r 1.0UDd~lItaad this r~latioo it is ~fCMsarl 10 10 b:u:k 10 th~ to il eba r:W:leristie. •
uoigue to t h.. Norle Loa:' . tudil'd bl V:aa GfB ll~bteli ~ ~'.llo7~ f.. 'nil .o il wilh Illi ish ~oft tul
· er ne e ·p:a't i..~es l3-l % lil t + ~IaY I, Jlld a"ofPl'Spolld iol m~all blllk dell:hy 01 U I ItIl / CtIll will ~.
Dot h ft btlO' porri ill :. p:a.tbd columa 30 CMIOO I aad:a erosSoHuion. 1 :arn ol "~ em' l i6id .,
p.3 1};....t tb~l ;' jJ1 hr~ ~aol Im;l.n pores. ne por lt-w;l.t" velocitl oi ::ll p:a.trd lHIil rplutllll is
od\ JISt depC'odut 00 tbe lu lloo .a d disuib.tioo 01 pores bllt the ir lin as wen. Tbr hil b PIl4'It-
.~ter "elocit '" or 132 aad In em/ dll . m::ll1 u t he allltho;' ' UUnl. rUlil t ia :. tf . idu re t int or I
tb~ i1erbifid., ia tbe .oil tlla( is too ,lIort to ..110. di rruUla 10 IlIld~bill l.itrs l i"i"~ p.3I) . Til..
• oIllW ·pru~ot t b~ dirr.nio a or picloll lD.:olu tiol r' om larl.r porn to .m alkr porn. mirropoi"
aod ;0I'3s; bnr~ t be c1irr~,iol 01 M11~tiOIll WOIIIW.bt rfll indrd ••":to, lrom ~b~ lall. r ' Ilrf:t.cn o f lIOiI
' . all~ela~ to ~b.. illurrue of lb~ lOa eolllma ~Ild tb e II~el liDd..r. At tow.e. pore-w:t.tt r
; " floc itin tbis is Dot . problem. oor would it bPa problem at biab por~~tcr rdocitin ir th~
~r" ...ere 011l1"l ff .i ... . nu•• lU por.. li Udislrilllillioo aad IlIdioli :.rrKi. ad.orptin. . ,
: dUflrptioll pr pntiei d~ I. ~IIO do tb y .rreel tb'e ~o1'P·mellt or pldoram IIIthe IlOilo " hlah ' r .
otd .., kiDdi .. rale flIlI~tioo; J hicb iocorpota l..•• pore .Izc, potlt-w:.tc' ..~ Iocitl , par lic le d, nlity or
IHIm. I~~at~ ph~.lc ~1 ..har~.lh.istic or soil " Gillme, !i .liu eu llY tq .... ..ur. tc1l predict pldo r::lltll
~oYemf'Dt at aD, n etioD for lOy loil. Allo tb~r.ptoblem which ca Dadr "' H \y . rr..d tbO'ir
exper im' llt and th lutlil l of tbu e eqllalloOl II th at tbe p!elorllm K1ll1t1011 will prob ab,ll·now
· akrol the 10l idO'wali or Ihi II~ Cllilldua . t ,tbe bialt porlt-wa~ t .. Ioc: i~ i ra Ih"ll. Tltil ~ouid be'..





&I~.....rrac~ would "dun til e amount 01pieloram so1alioDio conlnet with ecil par ticle .u,~~e•.
.rhis prob lem is compouDdl!'d, by the ra tio of tb e surraC t in. ~r tile pore nlume (O.~ I) SW' column
lid tbe.urraee arei. pf tbe cylinder. Civell llreaborccylinde rdime osioD,'" lbeau rbcruuof
pore vOlumePel columll Isfa ulbly 13800 em' l_amiD& clay is Itaolio with a l u r rae~ area ot 30
rna/em ) aIld t be lur bte .,ea of the (y liClder is approllimar.t~-800 em' . T bis-;avn " ~re:CYIiDd er
lur race arcara tlo of approlimately 17:1 wbteh mra oll!lal t he br ae l a rrace,. rta of tbtu . .
cl liD de~, cootrib utcal.. Inajor lu rrace area exposed La the overa ll picloram eolut ioll. This is aD
oftu overlooked MaUll1~r~bltm hi Ibis type of cxpt rimcnl whlcb' abould be ,iveD m~cb "uler
attention ill the u rl)' l tal" of dts 1lb , Vao Ct Duc!llu's work bas 8bowll Ibat fifl t.-ord ~r killetks
are lliadequate to d'e, etibe pkl ot am mc vemeet III lIOil. Tbis problem or eboosill& t be low"t delr ee
or aDequatioll ...hicb be~~ dektibu ~ p:articillar ll.!I'p« "tor ~ttieide bebaviour bM c:mi«l o~e r iolo .
the aelec~ioo or fiuk,ider killetie, to de, cribe the disappe:uBlIu of pe~~icid es rrom Ib.e soil,"
Th e lde:1t h a ~ fir't.-orde r killetlct ca ll d~lefibe herbicide di.la~~arallc~ III lo ills simple
eoo\llh-b\l~ I~udln han coonicted u to the del ree the equatioll 'h.ould t~kt: Ha nce (11167,~.646;.
11160, P,J U) round ~bat the d« ompo. itloo eurvet ror pieloram ~nd fi~e othf"r herbicides in ~ieattd
Iha ~ the reaction ebeyed fin t-or det killt tiu . III a I1let Iludy, Hall~e and McKolie (l91J)
coneluded witb t he opposilll ; t alemebt t b a~:
Tbe r:1ln or d«ompollilioll or atr n ille, Iilluroll aDd pit loram nllnot adequ:l)ely he
d"tribed 10 term, or en ae e ler~rdu, balt-o rder, firsi-order or Michaelis-Meolen
kinelics. 'T here,mo;' be lo me theoretinl ju alilicatioo, howner, t o attemp t to lise a
rr:lC:~iomll ordet equalio ll or tbe Micbeli!loMU~,eo tj-pe, altboul h t his particubr
l\ll:prc'5ion does 1I0tappe:u lobe adeQuatt.
. , (i6id.• p.34)
In 11173. Meikle d 'ol. (p.6&1) round,that a ftactioDakrde~ or 0.8 bes ~ fit tile data ror pido ra lll
,dul\ippearance. Howenr, ~hel 0111)'worked wilb :olle fOil, a d ay ioil rrcm TUalI (pH, 6,8; Orl:ln ic
. matttr, 2.7 %;ulld 13 'Jf, l ilt "II % 2ood'e'Ia)' 48'% ). • ,
It ill evident tb~~ ma~, h~rhidde , 1 ~\Id ju hav~ been ennd llct~d but .!!2!!! have j el beep found
which are field It udi" on undist urbed rorest fOils;of the bornl «(5)'stem involviog excava~ion
pit,for thenmplinlorloi l ror hetbidderelldun.
In conlrut to .the wealtb of i~ ror~al iob Ob be: bk ide bebaviour tbere is witho ut a doub t a
Ihorlal e of liLer ~tiare on t~e dnelopmea t or tec:hlliques for II.mplill. alld sample prefftJatioo.
....ltboul b lOme lllUet tedluldelJllu ror neldde 'rlldll.tion atu dlel ean he rolJndiotbel1l7S
Pei llcide Re~ lIlr2otloll . Quldelioti (En"l roa melital P. otec:tloll Al enc)', Ig;~ , PP.2~S6-2688l» , ·I D an




Alb. rta EIl...iroamt llt a).xrykt muuJ (Plfli " ,. a.d .· ~ ill lil t' proc~i ll' s 013 . )' mpea.'u m 011
Herbicides Iud th Soil (HOlm;tDIl tt af., l QH t -,llld ill tbe p roc:ffil illl s O( a ... mill:l.r ollllOil :..4
, ' Ollld.at r, lamplillllMooij • • d !to'Iel'S. 1lf111). tb e lu,r::t.1tlIU'ISU is tht lill! , JoUO'DIIoIl h5
bH. dirr de<4 toward t~. U~.","-llInr~t .. I lfrr~ti.. e ' ft h iq,, " for la ":,pliDl lOil ror prl t iciclc
rsid~ (C bntrn tt . 1.. 1974, p."&2; Lintn., 1080, p.~1~
Mall)' • •'''oritia poi., ou' th' aft'd for h ste id ormat ioa " toi l propntw.s. climatic dati
:u wtU as blle! .~ plltkrlll (r.~lJ u .s RoYt lt , 1Q76 . p.10; \Ve~'. 1911 . p.lIO;lIu rle alld \V~kfl ,
HI80, p.112; H,Uili1 alld D'.,.II.lOst, p.6i; ~"o.. "lkl, d oJ ., lOBI) . J'his iiirorm:l.llollhi
' .flod:unrgt .. IDol. olll, to pntid de.luu rc b, !HIt.bo to pn .clinl pUlk ide II~. 10 ddilioll .
r_'~:l.td ln.t 0 1 t il.. ..~lytic.l prr cb ioll, t lie rn llll.s01 t b, ,"Mi., ...lyl b :r. 0117 ;, alMlIt Ib .. toil
n fllpln are tr uly rep,neat:l~iv e 01 ~be rield. Tbererore, it g iml" rlll_t tba t t bt u. mplia&
tecbaique, • •..pro.,ide all unfofltamlu tfl'du mplilll lIait of ullifo; mcr~l«tio ll thr ou&hnut ~ hfl'
t!lithe.. or the borizoDumpl~. " ICIi/l e, I O~ S, ~.3 1. BUfI'd.$ll. tbillpffl'lr~ autbO;itiu h:r." fI'
fOUbd it n '1 dilrlcu lt to Id, ntify "tb, bel t " or "Ii ahadardi l ed" mt t bod to aampi, IOnl . III f~t l,
maay lllit ho ritlel COllellr tbat th" il.· oo hOWl ~Itmfl'lhod for rollrctkll alld atOlins anil. '
. (LaskoWlki d , I.,1081, p. IZGI. °r; 1l1Ilsiofi :u to wbirll tecb lliqllu are bnt' (Mooij u d ROU IS,
1V76, p.il, IIl1d "therr is :llwide ¥aridy of n uest ioliS for op limam loillamp1i~& · lilormana d al .,
1~~~~IQt' ~~ ~d~.I~~ ~I~~~lm~~ . .
pkd .lrr ll .d., p.Ol ltlt" tll al lOillI u &t~, e.. rr n d tohfl'»m plru ar.!'prt rrrred for 1.:t.ki1l1
.eillamplts from tu lti'utfl"d .eUs but tllat wbfl'lI l ll~ a'o not ~nilablr a bb dt or Illou l call lit
• u.rd . He t btll Ion 01 to o.t1i ll~ bow to extnct '-'Se Illmpld "\ rbitll illdlldf'$diui_, dowa to a
' • •~f 15 r.m. Nfl'tbn IUIH Ih l ill.IIlIp lltiY..W IOih ( i .fI'.".lore.t.). pUlitide , "ida" lIIully
rt~ ill tbfl'OI :lllM: ottop laJ't r aad m ererere. !!~p .amplill may be ..'etfUll'" jiWd., p . l l ~
It maT bt tb st eere 20Mlutlt l amplth art pldt,rr~!.ot.tak ial loOil lIl'."ple. from nltiY , k-d rlf'ld.
bllt tllrse ,de.,itn 'C' 1lbe Ia:r.dequtt.ia m~aT ~ftp~r ltol:lT fQl"n~ loOlb or llllOlb wbtt lfI'u bifl
tlltOuI\ tbe profilr g a q."tio~ . Th u e ordiITtrea t dt., jcn tof d irrtrt~t CODd i ~ioD' IculUu tt<l
""''It ~cultiutfI'CI ) maktl l tatilltic,l c:omparison rs relillbh lllaa i t t1leume tet llDiqae ..,11
emp101f1'C1. I, acldlt ioll, ~u'fI'n ~re .!!!!!! u.~israrlol)' lor pe,t kid, loOil ltiidue i ll vHti,a~jQ"s
. bt ra llie th~ nm plialllDltt va aot auiform witb d.eplll. tba n mpl" ar t 1l0~ reprod lld blt , tb t
'III.tr cODta mlntca , . bIoUnmpltl with o.",lyla& ml lt, lal , aDd dtl ~roYllOil 't ruetur( IC.liat ,
1046, p,3), If howe" r, a pit ia dul to the requited dt plb. tb n wltb rtlpec~ tootbe boril 0DI tbt
exPOledrace of the p,om, call be nmplcd. Tbc resllltl or wblell, would rtnrr~ tb~ Innundnl loil
prOrfl'lle 1 or tb.~ pattl rllbr loll t}'pt oll t h Pfl'stlcidt, IlI I 11 diu~td bylbe 'horilo~~ollullt;at loa
dil trlbutloll of'ruldutl , Furtben nore,witbout II m pllol tht lower lay t rl one would l e"er h ow If
. , I ' · • . • .







(oota m ln lioo h&l'~~Dded !>flow tbe lOplayer . In fact , because tbb maoual is detilD ed tor
"n mplio&aru r a pesticide milh~p b,as occurred , It iJeveu mort j ~port:aDt tha t t he lower b yersl
ate tampl~ .fOr tbe purpose of mODitatiD' lb. monmeDt of Ib~ m:ass of cbem ical ill use aD)'
(orr ect lvt , ~ e asUrtl Deed to be taken .
. Tbe ll~,. olHormaDDd Ill. (l g73) lbowa tbat tot u eb ar atrll li.11c nil. met~boli te 03003.3, I
16 aed I'iIOUcylioders (dim eolioll. 30 em 1001 x Sc m iDSldc diamd cr ) takea trom bar e s rouodiD •S1tnrIIDd , v":,~ compoaited toucb make ooe Iron I llmp:[cfor ,n!due "aD;J.!J' lis (:;1:15 %.or:,' .. '. __
.•yet.se al a 05 -% plobab ility lcJclj (ibid., 1'.134). T be n mpliol was dooe Ulilll:to "HUM);X." _ '
portable,electric w i! drill ( ~bid:, P.'13.2)whichcould~ ~D3de-ei.u.". e rOt OOdistU,."'d lorut ·Ioils. '. '-.' •. . ' .
1 1101l&b DOt u pUcitlllattd, it is !itt l)' tba~ tb ey would have aeeded a mucb more powerlul moto r
to dr iye the c)'lind en de~~.r tball 30. ern, upecully it tb~ lOil.' ar: ulldisturb ed (Iornt soils . . . ~. .
\. ~n"'VI cultivat ed Boill), alld it they are stooy aa lorest soils oftell tend to he. ,_'!.'e )' couJd .hlve ' ; ' .
\U~ered a.,vcry irnportallt qu~etioo perta illilll to realdue variaaC!!thr ou&htb e pronle it t hel i
umpl~ Irnter depths. l
Wjlsonamd Lavlll~!..s) bave des illled ab .pplica-doo and samplilll device wbicb iojects a
. tolutio a at a preddermillt d depth aad ailowl the ; « ise r~~~t ioll ol tbe pciat ot ioj~tioll for
lam'plio&.. The techique is duiBoNilor UC-Iabeled berbieidtll alld t herdo re o llly provides lar 5
I~ 01 soil for eYer; J .6 cm iotuval (i6id., p. tOll). This is ao ioadpquat.e·sb e lor
chroma tol rapbic an:llJ"lis (eg.• G.L:~C. or H.P.L.C .) bllt ~caq be illcreu w if a oumber 01 nmplu ..
. ate.com pasiled; 11 p ain~ thty fail to make , Tb~y" Itate 't hat tt tak'es approxima ttll 2 miDultl to
, ::::a::Il::::I::~~c:~e::::~!h:.::: ::::~~:h:· ::::~~::::;r~t:::::(:~:;~~:side •
diamet1lllli ;Jveo dowlI~ the du ired aam"pljll~ dtplh.in ,w hich all allI er is Iben illBerttd :and '
m ewed d ~wll to the-corres'pood}nl dep;ar;~ whicb poill~ it II pulle4 out briolinl alool wilb it tb e ) .
• 2.Sem u :nple (iii "., p.IOI~I. ,T, Ttitbn lIe.ed lo develop decoob.mioa t ioo pr oet dur; s tor'tbe
aUI~r alld tube or Ibel rtquire a Ire ahr number of cltao aU&erB an d tuhes. ~ecOlltamiDation 01
Ibt aUler bel~een .lUccelSiYe 2.5 em ial er, als is eu y eoou l b liut !lot 10 for t be tube wbie b would
req,uire u tractillii t f,om tbt I rOllnd 'alld clunro&It lor t y'er, 2.5 cm i'liten al whieh is certain 10
.Ioaaell Boil pa r ticl~ and disturb the~:~. AS,sum'illl tbat there is 1l.plelltilull~PPIy of tubes
tbd tb:a.t all" t be aUl tr requlrn d"'D10I bt lweu lam ple lottrull , t hell the add~d de all illl tim'"
or apprOJ(lmltely I millute yi rldBall ovtran time of 3 mi~utes to lample, p:u:ka&e, tItan and
prepare fo; ,tht nut n~ple . It the profil e Islampt~ to the deplh of I:metre at 3mlautes ptr 2.5
em Illte n al tbeo 2 houra are requlrtd tOo lample e~b bore hole . lId 10 1I0ura would be' neeen ar)' . '
to'provlde a -200 ~m ,lample,(6 bo!t ·boln). ~ Indepudant 01w m mellt 01ho~ varla~ioll with
: drpth..aDd WUmlll1 tbst ever y 20 em 1Itt1101l is to beeomp oslled (4.0 1m Or Boil per 20e m or
dr ~t!i ), tben.a minim um of nve bore-holn would be Ileedtd for resIdue allalyl is {2001m ol .oil P:tr
,· ·;l .'· .
,' .
"
. " , \ ,
five ~O em n d io n,j . 'Thus, it would take 7.S ha ul'll t.oeelteet five compo site Illmplu o f ZOO 1m
eac:~ [s:amplio&(2 min/ :!.S fm·~t :I . · ~O uctiODS/IOOem) + c!C::l,III 11&(2 min/::Oem iotfr Y::l1s 1.5
.cdiona/lOOem ) x.5 bore bo~;.~ ... 4&0min ~ n mplc, pll:ka,c alld~reiDI. To compo und
matten,If tbe wo rker W&oJ t • h, ~~stl& ::ltc the dlstrlbutlQll of ruldUfllo th~ lOil on a bOlllOIlbuls, •
1,1 DOCeltpuld to muimit; Ib~ ,oform"t iob, t he ll it wou ld tuily take 8 to 10 hOIlT! to complete
lbe IlI.mplio&rcr cee ebemiea l on allY llYn day . All th is could be u oidfil by diniltl loil pitl eed
L u lrll.ctio&the re 'tircd bumbc~ of aamplci troljl :tofrealil)' dn.ved r:U:&f! t be P I~f.le which"blr....
all bu t 4 bour. for eee expeti~ut:'" plot. T be 3 uuutioll pil~. dill per sample d:llc rot ncb
h~rb~dde used 10 Ihia~ewtou lldl:t.Dd It ud)' took appro ximately 45 to 75 millutu u ch u~in& pit k, '
Ihovel alld !arse b,uckeu. Alter 4 ·hourl , the pill hd ~eIl filled ill &lidfor ncb of th e I) horllo nl
lamp led, Itocomposite ~ f 2 k&WN p ~oy,ided ,
Weber 11977)10:110'11'1 the principles of lo ilaa mplill&as out lined bJ: Cline (IO~:SJ but deviat tl
from tbem"; -makilll the mlsleadiD&Itatemtll t tbat, "To obtain l oilu mplt s from difttrut eell
dt pths to be used' lor cbem lcal or biololiea(be~~}de ."; u )'s, t he 01111 ntisr~ lor)' u mplen are
the tube-t)' pe~" (Weber, 1971, p.60). This may be illcorred beca!»! eompadiolloccurs and IJ'!
a1par:i.tiollof<Jirterellt depths (or horilons) bc<:omes difficult; the dtl ,ee of eompsttloll will vary
trcm nmple to sample and tbe,efore 'the quantll)' ~f aoil umplcd.will':l:T)', which l e3d ~ 10'"
lIatistkal problems associated with Donu,!lform tro.sSoS«tKJIISalld t . lack or fCPfod~dbilit~ .
Ho~eYer, he does introduce"lhe idea of ulns ~p:ua(c c~mp~sitIDs psil~ t~r uch dcpth intrrY31
(ibid., p.61) tb ou&h he don notaul1est l ini~g the pails with pl:ut ic hags as all added meMure to.
preYeot cfO.lllcobt:lmia61iob bt twCtOsample d:l.tn. li e ,aunes ts 0 13~p [i n & uoits for nch
com~.ite sample )'ieldios about . 05 gm ot&Oil from a. plot w.bieh is 16.1 rna, W:be;;~, IIIthis
Iludy IIINeWrUUDdl~lId , g tamplloll uoit. ftlr each composite . :upple )'ie~s abou ~ 2 kl ot 1011fr0!1'
a tamp ling area w~icb is 162 rna. , ., . • • • f'
Apprrsob d ol.J1980) {OlldllCttd a . tud.y ·whicb compared a smal1"plllg eampler (1 em 4ia. x
5c'!" lolI& &0 3.0 cm' ) against abt&er limple~ (~~ em dia, x 5 em lonl - 7258 f m' ). The ·
npcrimntal desli ll cObsistrd of lint broadc3Sting Mircx 10:5 granules, a~d replicatlnl n th '
J reatment I) times, tben ,extracting 400, 800 and 1200~ umplinl unit. Vt UUSene b ' l e atU
si mple ullit (i~ i.d. , p,56). The residue data were aubjet ted to an31)'si~ of u riaoce. t he subSlmple
measuremf oll were avensrd and the mU ll, sta ndard deviation and coerlitic nt of variatioll ~ ~
ulcula ted for eac h.trn t mtll l ,(ibid:, p.57). ~esultl .for t~e plug aamplcr ahowed that the ~ .. •• "
cDtrlid eQt of vluialillll decreased N lbe lIumber of u mplinl ~lliU illc reue~ ud .a: t~e sU.~fI'I Plt , :~
Ilze laereaeed, Resulll tOTIbe large area sam pler Ihow~ tha t tbe mun, stallda rd devlat lOIlaDd
d coerlid ellt Ilr ~~r iatloo all decreased N the IIl~ample slit Illtreased. T here 'W~re n;;.;i lll ifitl ~ t
dlrterucu (p' _ .05) fOlllld bttwetll Ot ~molll.lubsample meu uremellls, wblcb Indicates tbl t ,th e
plUlalld iaT&e artl la~ple. 'Were equal1)'.'e1lable(ibid.). It would bYe bet~ or III~eres t lo Ihu
I ,
. .
NiWIOQ lld l~ll_d "IUd7 to disco."r bow tbe "! dhodl c'om pucd wit h dcp~h o f la mplillA, , illu' t be
• • 'i ~oli ill rrt ulta is u~~ted to !Ilercue with u iDcrcue ill d~ptb Irom t he poillt of . pplit a t loll;
q-;rortuD1tely'Ap~raoll d lilt . «(bid.), Dilly aampled the top 5 e m..
Sie~b, d 41. ( UI&Z) J..,i' ll~ a n mplilll t«h;~~e par tl culi,ly well lUlled for lan dy fOils .
It ill _ lltiaJl y a PVC pi~ 7C em 1011& alld 3.8 em ill diameter which is hammcr~ illt o th e .andy
.oil ullui ...Iedlt b,u nmcr n d ~ block of wood,to proted the upper cod (ibid.• p.3S8). Thill
tccblliq\l~ mUl l ",..., Il: 'itT)' .. ~II i~ II Dd1 Ioib._vell a.s DBLOoaLJ laad, New York: they appa rcllt ly,
d id lIot C;CIl h:lYea lly dilriculty withdra wi o&the C11iodcr r,o~ Ihe ,round. Geoll e Mills of tb e
Ca nad iaa to'etll)' Ren ard' Ceetre, St. Job,'" New foundla n d (perlOlI:l1commuoicati on) used tbe
eame tre bfllque but witb a pipe 60 em 'Iobl aDd2S cm Indiameter all a atooy torC$~ loil In ..
~ weate'n Newrouodlaod, oDd _ILb a 3/~ leeh eteel plate to prot ret tbe upper end. Mills bad 60
su ecelldul co re extr:u:tiou out or gOtrys; ill mOlt or tbe uesueeeesful cases the PVC pipe wli"Jld
crac. or Ipllt , 10 1I0in~ CMell t h._y wO\lI~ joe ee tbe t ore wh~o e-xcavlttloi to remove it , alld io obe '
c~ tbe s teel plate bucklt4 out ot IIbape to t be polot -of belli' ustle&!. T he preeedcre required
hammerrln l tbe pipe iota tbe I rouDdas dee p u It would 10 without dam' lliog the plpe or eteel
..' fl a te, thu e-xcan t lOI lIfouod it remov io~ large stOfln _bmmerlos somi more, th~? excava t lol
aDd r~peatlol tb', crcle uoiil a lull core or~t of a t uJlcore had bUD removed.' 10 the c:ue
wbere large boulden b; lltd the drive ortbe cQ,reaaot ber spot bad' to ebceee alld t he t :LSk be,un
. aoew. 11I 't he cue where a b rle boulder illb lbited tbe drive, t be stcee WM ~em;ved aDd·, sm:l.lIer
.,.., eeeee wilb eur taee l eOmtt ry ma tching tb.t or the void, create d by removlas tbe . i.'lrne, w:u put ill
plaee to lill t he gap eed allow tbe cOlltinued drive or tbe core; It Ibould be Iloled tba t io tbese
uael Ibe fit bad,10 be very good or they would bve had '10 atop aod'bella 0 11 a Dew spot. Milb
weottolreattrrort an d expCll.etoremovetbeu ·iot 3ct corn lor greCllboIl. e cootroll ed
expeTimeo.ta. Dot Just ror pntkldif retldue 30:1.IYli ' 3 l field loi b . The 3.8 cm diameter PVC pipe
that Sieed ;a (ibid.) used would have bU D ~ ubjected to a much. hl, ber b ilure rate t llao Mills 10 tbe
generally I io ny loils lound'in Newroulldl~od and the bornl rorcst 'a, I:l.rle. Thu. , tiri. method is
not likrly to become a lltllodard teeholque ror nmplilll l o111 ill the rield. Oee neet point to
dl. cull is that 5im h (i6;4.) at~tu tbllt, ·Samplllli Jo ll at va rying depth s by dilling or use ,o r an'
:aug" can rr .!!lt ill c~ll tamillation or deeper layers by Jl6 ticidf"-laden l urface part lclr s ' allinl ill.· .
Thi, is true lor an aUle r but Pe0Uor dll{plta where, ir aile wbo is lIamplilll w giDa lroin the
bot tom or tbe u cavatl f ll pit and' carefully-'worh the ir way up , letti oo ~Y I~ct i~n , conta minatio n
or lower Il1en b1100M!aoil par 'Ic lCl ramol dOWliward will be 1Y01d¥.
Rotller aIld Millbant (lI)ll,tadifil' the Implicat,ionor core l ire 00 the ' acct1lrll f'oleductloo
......,. ... me asure o r nitrogen-fixing potCDtlal 011. brow" ellltb 1011 1'; Elli laod. Tbe y round tht
tor adeqtllti retulta a t 111 a"alr tlcal procNure or Ihe extremely v ~,labte soil propert y or nltro gell,




atcrpled lbat the e~lJcmdellt 01 vari atioa is bilb er ~ ~esid".. aal1~~ (C4., 30 %1tball ID,b~
dctermlaatioD of pbYIlcal proper tiea or Dlltrleot cOlateat of ~iJ. (Horm.all n 111. , 11l73. p.131).
tbn It it aUt he hlOk importut to ..old 1I1iDI tu,*t,.pe Iamplen whontr P?Mlblc. The
ahnplnt a!l.erDati';c tba' wOlk!" arc Idt witb ill the excl"aUoDof lOiI pite ",ill l .. pick n d
. hovtl.
TllOlllb e liDe" . rticle predates the other artlc1" prnellted ia thia ~t1011 it it moat nlnallt
. to t bia ' l"dI bo th dil e<:t!y aDd iDd!r« t1y: •A 16-illCb li \liDI Ip adc (Ihovel) ":itb • I'i:IlIlld ~illt ill
bette r Illlted to dry, , tolly . or hCI,,".uxt1Hed soU., " (Cline: 11146). A sbonl of tbia lort ffm on s
.. . b" lc QUlI.Ilt1 ~r lOiI.ill OIlC. Ie~P slid t he dillilli of the pit "is rurt~rr tatll ~t .ted if :tobn.v)' pid
is at baad 'tokH»e1lli p t~c beavy l ad/o r , tolly and/or compacted alii!. 'Otb" dn icP. arc
iDadeq~.te or too difficult to eee 011 IhNe tr pe8 of lOils. If the to ils are!i,h, stone free or loose,
th~1I a pkk ill mod proh lb b' IIDDtceNIf)' fot t~e exel u t ioDor a lOiIpit. This pkk , sboyel ll.lId
bueht reeue e is I YeI'J simple ,tllld ard W'rollow: where comprab ilit)' ii or IIle aDd bellefit.
2~4, Conclusion
IIIorder to sat isry toe,iely', COllc~ rll' on r ptlticide ;e lated w un iDrOlml t ioDis required _
from I b road spedr~m of ,ptcialia~: chemists, physiciata, b;oche~llIu, lIOil Killliiatli.'P~lI t
physio!Olwta,ftoxlcolo,iats. llltymolo lista . ~limltolo,iII ta, IlIId uee maD.~lers. l,ricullur : ll';tlI, -\
• ,i M culluraliata 'IDd ot be;', It b 01l11' at'~r tb~y ~ayt provided llI, wen to crllical17 Importa Dt I ;
. . ' . . ./
natur al, physi~lllId eD"irollmelltaloquntlolls thlt declllioll8el o ~ made, Ir the allewen mttt " ..
tbe slrlllle Dt cr ileria eet rortb by I OUIIl-meat rel ulatDl'J OmCll, Uell the prod.llcu ml y be
, e,la lered ror thelr 'lre UM. ~
Herbiclde 'mon mn Nlld diMiplti oll iD1011 ill'fol~ I YU,. complex a7alem or pr~nan
ji:IUdilil ~limatic, edl phle alld h7drolol ? s7s~ms whie~ cootiouaUyact!lpotl-tbe dvno.mic .
biol eoc:bemic:11Dlture or pntk ldn. Tblla, eUD thouab tbere lIle eouDtle!. lIumberaor berbicide
at udlea,'atiD more i re required. Tb ne Itudlea abolllel lead to tbe d~'Yelopmeot or modela whk b
could more efficitllll,. 11IIWU queatlolll reqDlredor our , ouromellt re'lIl ltol')' bodin.
Field work Illyolyed III t bColtud7 of pest lddtl requires. aampUlla ~b~lqlle wbleb b botb
~imple to \lie alld,llcouraln comparative Itudin ror acrutilly by peen . It ~aa beto abowl that
tbe elmpie u d ~li.tlyt~ !lIlXpl llllYesamplilll te1:bDlqueproylded b7 pick alld "::'d, powered by •
III acceptable lena or malluallabour caD pro" lde t be baais for a mucb Deededal mp!iDI atlodard




. . ,qhapi~r ~ .
METHODS ANp PROCEDU,RES
3.1. Site Select ion
~ .' T?·""";';b1. r.~ th'';'''im",. 'b:~'' ';~ b,~ <Om::;wltb lb. r'i1,~;I.",,,L, .
1. I,a 1~.lIef.l .tbe eDYirOD~fllt. h:ad.~ be rep:r~elltati~e. or,~, hO. «os!~tenJ.. <
' 2. The IO~' type bad to ~ typluJ or toil type!l, rOllnd Lathe :bo~nitoamea t. .
3. The ~oil u~it bad "to;be' ota larl l!uOush·..~e a toaeeemedate five experimen tal plots ';. .
~.~ :'~b~ I.:V~:"~o:;;::~~~~; t~~::;~~;:;;o:!::5C:~:'i:;~'rraIlY i~p;:~I " ~t tb~ "
'...~ . r{i:k:;~;~~:;',,~i~ l' b" ~" ;;4 ·'?'~·r"h,m51 ,.;,','"to "', "" ;"
~I::li~a:ti~~::: ~adt,x~~:Vth;&~~~:::t;~i(~;: ~~:u~:~i).o/tars,.pr.iorto,I_p r~y
7. Tlie,soil dellsity",nd r~tk iIlUS 'Sb OUld. , Dot p,e~tIIt d i!il~& Pit' witha IOD'~h:l.nd[ed
. I bovehnd ·a h~vy p"ck" . . - .
. ...·r , '.< .: ' "
3~a.., Sit,~' Pr~~~rati~p.
,p re.pa; ioi": t be ~i~rlm~Q ta' ; ;le r~lI.ire,d :
I i .,' Clearl ol lw iro )' ~l~~ :~~ Fil~ru,a.21 '~Dd3.21~
; 2.-M:u klUI orrfi~e plots'o~.l.I ;m x:20, m, ODe ror:e~'1i ~hemieal selec,t.ed.. .
3. Ias t. lUOI at ,~.ch bf.tix i b tioil,', two ,o li ~oiliture alld ,two .011ttmperat~ re p;~bd l!-t
. t wo .dlffereDt dep.t.h.·, w llel or, e luy ill~O Il ~Dd iUuviatlC!D ~Bee FI! ,ure 303)• . ".
' 4:~i:I.I~~1 fOl. ' .,~ed~~}t~:p~"C~~; la.tiYi\~;hi &~u,~el. at. ,1,~r,~~l t r~,u.r It~ti~.~' (1e! ,!igUre:
:' . S. S~hlol up Itome1eorolol lul .t aiiollwllb ·. eoo tlDlIouUe'<ordilll r;lolo Ilule; 1w(p
" e)'lIod rieltolcumub.tlYe raIDII\l lel ' alld' lillil~louvredIUYCDlooilc'reeohollliol:lo
, cont lououl , ccordilll thermobn rol r:\ph alld ,a 'wc,t aD.d.d rr ·~u l b thermometer (lee
' F,llu~e ~. I " Plle 6). " :. ',: . - , '" ""', . ' . ' , _ '~ . ,: '
/I. Dlillol ·t hlr'cootr oh edloll (1 rtl wide x 'Z ,m deep x 8m IOIlI) for ioil dlMir~~tlon' aoa '
fO" ext uctiu! ta mpln for lo il tCltiDI (pH, urbon IOSS:-UIl: llu it loo, part id e lite, b'ulk
. - _. ' C1 eo' lt1.:~~.ls tu r~ C;~,~D.~j bU~lc all~.M~~ld ,eollte.!!!, •.II ~ ~v~~~e Pb03~borul). _ I:'
OD~e 1Iltplo~, were pr.epa,ted ror tbe I~,ay, IPpl.lcatlllll~, C~Il:t'~I;nmpln,~e.t~ ~:ak.~~ r~~ , ' . : -. '
mlduCl n aly, 1lIwl~btbe ~umptlllll ~ b ltot nO, berblcl des bave ~ii 1p,'U~d1,btre bdllre~ ' !~en\ '
.t..'
3.
Figure 3-1 1 Phot ograph orherbicid e appli cati on to the dieamba plot \Jsing:1
'SOLO' g~,eD('rat ('d mist blower . Spray swaths delimit ed with st ring
at 1 m intervals. Competing ground vegetation is Kal mia rmgllst i/olia.
spray appli cati ons using a · Solo· backpack type gas-generated mist blower (SCl" Figur t s 3-1 and
3-2) were mad e with the selected chemicals , on the following dat es and witb the quantities
stipulated in tabl e 3-1.
.0
Figu re 3-%: Ph otog rap h of h~rbicidt applieatjoe to the dieamba plot sbo'l\'ing the thr ott le
(at hand) and large Dottle (at end of appar:\lUs) of the 'SOLO' 1a5-lrO l'ra te'd
mist blower. Large quan tities of slash which wert removed from the plots
can be seen in the ron ·ground. in the mid grouod act ing as a bu rrer betw ee n
th e dicam ba and 2,-t-D plo ts, and in th e bac kground .
3.3. Sampli ng D esign
Numerous auth orities such a.sBall and Williams (1977), Blyth and ~bCleod (1978).
Hammond ft Ill. (1958), Ike and Clutt er (1968). Kholcpova (1977). !\lader (1963), ~lcr~ and
Stone (1965), Tr~noD and Tamm (1969), aed, \....eleb and Fr itt s (1958), have studied the
problems of sa mpling design ill reb.tKlD to selec ted so il pro~r t it'S, but few worken have st ud ie4
these prob lems ill rtl at ion to organic ~ticides:u a mi l eharac terisfie, However, the knowled,;e
';3.intd from the above menti oned auth oriti f"S, alon,; with the information present ed forthwith, has
provided the Iormnl bests for tbe eumpling design and procedur es.
For the purpose of providing the best possible precision 3.t the lowest cost , the spatial
dist rtbuuo o of s3.mpling points W 3.5 det er mined to be 3.composit e samp le using 3. two-st age
eystemane grid sample design witb judgement . T he sta tis t iC3.1princip les of this method have been
diseussed by Armson (1971, p.256) and Cbesters rl at. (1914, pp.451.453), and in deta il by Cline
(l O-U, pp.27>.288)3.nd Pet ersen and Calvin (1965, pp.M-7 21. Cline (I OU , p.2801 states th2ot,
Compos itin ,; is V3lid only if (a) the sarn plin,; volume represents 3 homogeneous
population , (bl equal amoun ts of eat h sa mpling unit cont ribute to the subsample
an2olil ed, (cl no interatlions th20twould an tet tbe results mat erially occur, and (d) an
unbiased l'$t im2ote of tbe mea a is the only objective.
HFlpre 3-3: Ph ot ograph of thl' fourth pede-m eteo rologic al s ta t ion, tebuthiurou plot ,
showing th e t ran sparent cumulat ive wedge-type rain gauge and na g tape
marklng the appar ent depth of th e soil moistu re and tem per ature probes.
T he population is the Orthic Humo- Ferri c Podz cl which was div ided into homogen eous
eubpopulntio na for sampling purpo ses. Th e five subpop ulat jone sampled (LF , AI', Bt, Be and C )
were const ruct ed on a hor izon baeis to meet Cline's criteria [u] abov e. T he rectangu larly sloped
Iield plot s from which the sample unit s were taken , were divided into third s to minimize area l and
gr:ub t ional variation. From each third , a squa re met re area was sys tl' ma t ica lly chosen ror
digging th e pit so that th e subpop ula tic ns sampled WU I" repr esent ative of the fie ld's
subpopula rjoes. Th e eom poeite sa mple was a complex unit made from thr ee samples per
subpo pulat jon per pit x thr ee pits for a tot al of nine sa mple unit! per subpop ufa tjo u (borizon ) and
..5 sample units for tbe whole pcputenoe (Orthic Humo-Fer rie Pod zol). A tr owel was used to
• . 1
. ~2'
- ' Table 3011 RaIn of :"'P;lic~l iOD for Stlect.:1H~l biddet
, A~t• • l .. ~. P u h<to u ... .tu\u, , ' , h U o 01
:~~':'\:I '::1~~"~ ~::::':;r ::: 1::~::~'
--:.... ... ::-.--.:c...:::..:c..::-. 10 1 ...., ..\ ,. 'nU.Ol~O' t" "u.. lt~
b en eS h .1I u... (IU.,,) u u,.. , . . : rat.. '
-- --'-----------~. L ID «I ' .a l /hh " ' : 1M-D &00••1/1 8: ~,:::'7
OrCh er:W I
Dh ..h 100. aS/l 10 1/1000
3.4-D 100.&1/1' ,nut
~.
",,,••101.. al a,lt . ' 10 1 .8J 1\.
blh-eoU
J'~ ,'~ " '" . l ~~ ~t·
'hlor..T·:;!.:~i', Ill/b. ~ I
2.4-0 210. a l/l ~t~r:,rr
I d / l· o,••U .... 101.. 41••" •• 1"'•• •
l I U .
I/h ' Utr.. , •• llect.n .
• 0, n .• , u uu .\, u t .U .
•• ' . ppl ic:ul. IDcnrrlll • • .1111. 21, IU " .
t '.ppl1c..UOl .C U ... ' .. .Id, 22, U83 .
colleet these niD~ uoits,e :1C:b Or appr ol imotely equal o i ~ e to comply with crite rb (b) a bove. The ) '
org 3 t iu i ~luactiool of c r it eria (e) 3~U were pre'eDte d ~1 rolJow"iolthe st riolent pr ocedures
,out li oed'below io '3.4 Sa m p1inl Proo:~dl rt · 6l.1 bsectioo, pal t (3. Sa mpliog j udtement W:LS
aeu;.ssar; wheb--e~lr ac lio g. tbe u n i~· rrom the race Dr abe profit ·to e osuie.lba t tb ~l rep resented a
fair cron.acdiolloRLe horboa' 3m pltd.
~ ' Thetempor~ dist r ib ution or nmpliDg poiol.S was detelm ioe~ to b~ a pr oduet or pcr~isteoe'e
data roud io lit eralule .urYe l a (aee hb le I-.3, pal t I7) 30d,tberrequ tOt1 30d loteosi tl Dr .
~rt'ciP i~~iOo evelt. after berb icid; - aPPtieati~O dl tu : d~mp li meDtary ti~1le!lt hldicatioii
or le:aebinl bas beee 1 ~?Wn Jo berepl estoted by I.bort period or iDte~lr t' .u mpling immediately
,;alte r applicatio n , bdott' o t bet dissipatin prac elSesbecome domio3D.t (i.~r·a ptriod or 1-2 wecks
. (EbV'foDm ~nt31 Pr~tect ioD A,leney , I 075,P.26~6 l. The rollowioS T abltj3-2 Jistatbe llI.mple




------~ Table 3-:21 Soil5amp l~ Period. tor Htrbidde Resid,,'n
' , - - - . ~ OATS (, U U,u , )
, ,,,. ::--;,.",----.,----
• "".~ 1.14. le..n ,.ll, I 5.. , h ,r •• lo••
:'~.. :~ ::- ------'---
I S?.., I 7 1 ~'1 ~-2 ~., ~.( t·' ,·at~f to ' \2 , \-\0
-".-_.,-.-:-,-,-:-:-::7,-,;-"::-.'7.",..-,,,,,..-.=-, -=""'-,"',,~,-=,,7.,,=-,
01.... " I _I I
I J. I II
1t....I ... .. ' _I 1 lIls I 10 n 81 Illllr.l41t
.• I l I ,
r l d .,u ' l - I I CI 16 11 S2 14 3l Q ~U
h h tbh ..... I I
• • 1~1 ~ II;~~S 10"7,,,,,,.,,,_,,,,-=",..-".,..--..",. "'-.."'-","'-,.."'-.."'-,--
hI, 22. ,n s fo. U ..t U ....... '101 .....
" ' 2,4-0 . " . ,•• '-1 ••" ••••h••. ·




· "~.4 . Sam p ling Pr~cedure
I ". , • •
fb e rt <:t311l ulaf plo ts orIt m ~ 20 m ...ere subdivid ed i n~o g rid Iiqu::u rs IIf o ne m.v. !<t.lu~rr.
T he 'fi ll l metre (rom tbe edge of ahC'plot . was exeluded from :aD ~ i~ to ,3voitll,b. p r; > ~>lr111~
or bondary effectaleav ing a p.otpn tial or 162 m~ h <!m.. hich to nmple. Th O' ,em :\i ni n~ 1Mr.. ...
of grid Iqu:un ~ere divided tete th ree~ftiol\l. pa..h spctioa ~ons ist i n& -or six eew nr nin; ~u:} rPI
~?r a total or S4srid squ:u ..~, T,h.. 10Ds-a:ul ol t./le plots 11'''' '' o ripnt..d down.lotH' th u." th.. fint
ue~ ioo wfiere the ,ampliOI bel an was the bottom t hi rd 01the plot , Th.. eo~posit.. W illi. m~d .. liP
or thre...amp le. rrom ~aeb , ..eticn Jo, a tobl of Dine l3~plel rr~m th' ee· Ip 3tial1y~on tllq 'lO;I !l
.seet io,o,: the w..igb,t 'i t be Cll"!po, ite I~mp l .. 11':11 approXimate,IY2 kS.' Ilen e.., for. neb ..-et ion a
pit Crama le ledell sri~fs4u3'" (1 in x.rm) w:IIduI U~ini-the LF,·Ae, m , De 3011C hnriz" n. "
alonl the,~ or tbe equare, Ooce tb.. di1l iD, or. tb e thr~ .pits W:II ..onw 1pte thp~ til,... •
u mp!e, repre s..ntioi tb"er, mid dle 3nd lo.. er portioDIo~ thp,C !!!rizo n of tbp 'CirstA'dinn
were compositi-d ill a bueke ~ lined with a disposable pl:ut ic 1131. FollowiDg this the 4'· , "r. 1:r.nd
6' · eampl... Crom tbe I!«ond pit wer e ecmpcalt ed with the fili I thr ... um'plel aad tbn tbe 71. , Sr-
. -.2,dgli 'a mp l.., 110m tb.~bi'd pit were eo mpolited with tbe firstlix'ump';' , This ~u donp (",
.• ..ach 'Dc(~ive overb iog b 'OD, te order to miaim ize erO~coQt:r.mjoatioQ n cb ellptrimellbl
. plot bad nee ,per,m.aaeotly rna k~d buck"ets,onefor each boritoo . The eooinllJ I haped trowpb
" ea for ext rae lios ,amp le( were d eaoed betw nll lampliol horit ool , Firl t , b1 Iigbtl11lbbinK ,the
meta l i~l fac: efelese or eon pallid ... with a wIrebrusb . rolowrdby a water wash, ~ lI;Oap,wu b, a







". . ' "I . ' .
(pt trokllm ttbtrlud fioalJy. a d". .. it,b , d eaDpapt r t.o~tl [see ~ppt'D.dix B" pal t 122, lor ~bt
c:bft t liA or m.te " .... luld IUppllel u~ la the field to lunplc:tht lOil~. ~c: dc:ptlu of tuh of the
D~' iamp," wete recorded alii tile piLi were fi~ III alte r ~be la,n plinl Willicompleted . la bo~b
dlUlll1 ud rilliol 'b~ pit. care was lakea ,ot to drop lIOiI pall id" 011 tbe 'fDuodlurface oflb.e
pioLl,,Jlot \0 «ample oyer t be plot. .lId to 11M the . hortest rout e ID leUio~ OD u d orr tbe plots.
Appndix A. P'SC II~ . hoWIt he Iocal,loa"or the l~~. UIS. I~P~ piLIfor tbe five eejeeted
berbklcle*.
-T he tin t pit wu Ioc.~ IAt • • , row which appeared to 'bi ,,! 'the le.N t obetacl" to diUili1
[nee atllmpt, ~t o.lltc r~pI. atid tr acb,'old 10' 1) .and wouM therdore yie ld the",ru.ttst Dumbtr
of piLi. Th lWCol d pit wu lon t.d in t be .am~ row aad tmche trom t be rtnt pit I lld 10 00 for "
,U pita tbioillb~u't tbe ,ampli~l ~riod. ~ellu ~~t:Cle_Ueaeeante red th e pit wu- mo,ed to
.Itbe aut mdre. ,Wbu t he eJld or the ro" . as e,ucoulltered. tbe lIelt pit Tias moved to tb e &eeolld




3 .6. Laborato~ ·~r~gr.aDl : ....
,.
. . "
Fihy . fit"e aoil,ampks were &llaI,. ror eaeb <!r tbe'1ollo. iils proper tiei : pH(~aCI2}'
" eoboll· (~,Il-illiitloll.). neld moiatllre' ellll ~llt. b1lr~IIPic wale r (Oll~ ""'t. bulk.de~ ~ ity III t be
'fl)morpbolou 1Po "k1'1 ud part icle ,i le aaalI.is(bydrometer metbo;d) i.Da.ehemist".
laboratory eoartely or Ibe ehemietrt'depUtmellt. J1eihodl follo~ed tlli~luU"ted by
McKeasue (Un S) ill tbe ,' Muul 011Soil"SamplillS p d Method' or ~;'Ylis·. 'T btlt reSults were I
·ued 1.0be;p Klndf1 tbe .all ·ty~ aad 'e~~ rotilld ill apPCDdix.J:~: 130. :. ..
Tbe rt:d~,~parlmeot of Al rk ulture (Oua wa) aual1.ed 'ix aoil ia mplell takell trow,Ibe
cOlltr.1~tioll !or earkll eOlltellt ,(Ioe.&-oIl. ls id t foD.). fitld mbisture COD. teDt, pH (H,Q. alld dtC1..lI,
orlukall,-blplld 1'" pd AI,CE C, b_ ..tnadoD;·total N, P , K. aad Ca e~lItell \ . aIld part icle
'ile all~!J'lit . Tbe c1taaifieat'lol1o[tb.:JiI ~ aO? , tble Humo-Ferrie,.PodI OI.bM b«11dOllewitb
Ibe aid or Ib_ raulta tab~dp.K.pase 143 .aDd.ttl,1IIt II. appt"l:l.d~ctll J aI d D, pastil .
.139 U:U~:~.Ibt Wftk or"Ju ua17,Q, l Q84, n e' a~tbo, ua!J'led tbe L ud Forloie l urraee
• b0t-IIIIIIIr(lt bumlc acid (HA) 'aad rul' jc acld"(h) i!J tilt C.B.R.I. (Cbemistry &lidBiokil1
Retotare-.IIICitale, Onawa) II tbe lIlt"it.lIo~orD,. S bd~am.1 U• .a..a . Th~ ,enlta best
. , c1larKWriu l ilt b.mlt IlIlIIt....ee ill lbe Otl llI lt 'aurlace la7cr(_ Ippcidix L, pile 145). "
":>f. ~'Tb~ P~'llIelaI D~partme.• t or AI~,lIhure (Mo~lIt Pearl:.N;..tQ ~lIdlllld) aoal,-Ied 5~.ail :
IImpla lor Inllable pb~pbotlla. TbeM rnlllta are bbled III appndix M. plse 147 aad were ..





3.5.1 . AlIalyt lca! Procedures '
- .
The rnidueallal,..iaoftbtlOtI ..rnpln rtcluireduptrtilt.odtquiprnrGt ool ..... il.blelo
· m~. Tbu., & o-Rnnrdl L.bor.~rin (Hymu. Bl"d., Ptt. ClAire. QurbK) w.. tOOllloC~d to ·do
the2...D ao..ly.~. ,UlIf,ortull..ttly the rtlQlte arr, IlllulI-blebtc.u.e tbr)'.did Gotdo ~GJ_ntes,
, l i"r rreo"rry r.teII'f0t-P!~~~J documrllt the resul~'lptnoll~ eom~Il.lIicatioDl : Joupb rtlll,
FOlesl Pesl Mall.sr~ rllt Ill. tit-;e , Sault Stt . M..rie, UI8S; Dr. S.U.,Kb:UI,Chtmiatry ..lid Biolou
Researcb Illitilllte·, OUawl., 1084). Th'e Oowlo Rnnrth Fouodatiolldid·th; aul,.lis of dital'\b:L
· for.VelsieorChemkala of Cloud .., Ltd.. The Allaolic Pdti~LaboTat.o~ ..t lbe Keol"ille
AsricQlturaJCe!ltn (No.... Scolia) did Ibhllalyt"lS of bua,lllolle lot Dupolllol C..ud... Dow
Cbrml~.Is,of Clouds (for pitlo'rsm). n d EI..aco Chemlnls (for 'tt buthi~ ro ~) did rnidue . 11..1,....
i.rr. theii o:w.lIl.bor..lorin ill Midll.lld, Micbilarr.. arr..d Illdi.lI..polls,l adi..u , 'espedl"t1y . Tb, reslllll
' . ., of tbe·rrUdoe 1.llal11i1tor the nee berbiddes cao be fOQIl",,"Cbpttr 4. Tab!el f-5 tb roQsb 4-'il,
· ilssel 80 throllsb 87. Witb the uuptlo'u or ttblltbhifoall s\mmarJ ~; sllaJJtk.1procedurn ror
• eloCb "'rbickle, loa u:errpl.l from tbe labor. t.ory upo rll, ere prn.rottd ... followi.
214-D
Projrctlf83CIOS:
AI1.oaIJ~ followed mdbod.laid dow,a ia ·Aul,tltal Metbodl Maoual, EG"irollmeol C. oada,
, Oc~~r, i'ilso. Pbtlloxy acid berbiddn i~ ardime~II. · (penollal rommuok~lio o: Dr.lall
Borthwick, Manier, O.D.C, Sdtlllirac Ltd., St. JObO'l, NcwfollOdlarr.d, ~pttmber 30, J'il83~
. . .
Dlc~mb .. -. _ ~
ORF Report P5-8357:
Allalytlc:lIMdbodolou""' . "
It w... ori,ill ..lly plulled lo 11M HPLC/UV te<:tloiqllt tor thc dicamba arr.aIJ.it,bllt Mnrc
iJ,terrrrtllcrt were eDr~uri~rrd mailll, due;'" the 'tcry hl~b-~~Sl.llic rn·alttr tOllteot or ~ao,. o! tbe · • .
•unpln.
/ As" chromatolrap bic (GC) mctbod cOllplrdwith all rtber/-"eidulraelioll,,.. ...saiD
fOU llidu olllilablcbrclllHor,sr06l.lottrfe rrocra. Wc lloall,.adoptedaC,c rnrthodill'tol"i os ,.o
alkalilleuuactloo.
Prilldpl" IIr"M.:thod Usrd
Tbe,lamplr w... bleDdcr-edracted wilb KOH,crot rirll, ed, .ashed witb mrt bJ lr llc chloride,
',. , d.II' Io. , "leul., , ' ,t:.Dd. h, ,.;...... 1-" ,apl4,I Jldlo":," . ...ropl•• I1.I•• "..-t..e• •1I", 1..'1~. '"
. :-::.Dl~i,'I'If~1 dbtlla l 11lr. ....r.n1lr.udlld.d '",Il'I,I~' '.ft!- (.'1' tew 'lrlI .... .., 10, ~. I. T.blo "',
.1."" !tll.., 'r:o«d~ fOf"'''''.l'1O'''TfI "ft"'d 1•• t«ulolllr.lr.' . ;u 10" _
..... l"d. '
" " '. <
• acidified, extr:Kt-tdwltb metby!epeeblcelde, metbylated witb dialome1.bJlle, eleaaed-up Ob _
deactivated Flor~il alld aaa~"d by packed eolumpGOlEC. •
GO Analrtinl Parameters
Truor MO,.,ith Niba [CD alld Iiaearinr;,lus cO[Qmo 1.8 In x 6 min (4 mm ID) packed with 3%
SE-30/6% OV·216 OD cbrolnosorb W (HP), ~100 m"h; temperatore of eereme. iDjectorand
dettc l9r : 12Q' O, 226' 0 alld 3~'C mpecti,ely ;c arrier: 6% mdliape Ip ArlOPat 60 mJ/mlD.
Hexealaene
· COlltuct *X.I Ot89-P; , 'J. .
~: . .
Th proc:ed~re adopt-td ror the detyPl'Datioo or HexaliooDe~od Metabolites ill toil wu a method
b, ' R:F.. filll(Or~UP~Dt Ud81}. . . . .. .
~~.lil" ~ade . t th~ KClItyillelaborawl)' rPl't~e delen~loatloo or Hexlniooae aad
Mrtabolitel A aad B we.e: The chlorofo.m extract, wert tr.o lrdred to etbyl acetate lol.,ellt alld '
· ~heo direc:tIY IDI ~ttd ("'itho ~t d~rl"ltil&tioo) 011 tb~ IU cb'romatolrapb, "-
FJir tbe det~rmlll~tlo~ or melabolite '0 , thwater Ieyer re ~alllipl . fter chloroform
extracliIlPfor .hexaliliollC ,'lldmet:abOlitca 'A 'lIdB ~lIl1Cd . ,
G.C. Conditioos: IIIltrumeat: Varb.D37~, CC with a lIitroleli pb~~horus deteetor
'(thermioDic"spcd fic). Columll: 2 rt. x 2 mm IDx 1/4 ill. OD pyrex U tube puked with 10%
SP226 Oop' 100/ .20 Supcleopori-. lnjectioll temperature: 210' 0 . ,Dc~etor t-tmpfr:lture: ' 32? ' 0
(lIuuiplIlIe aDdMete. A t B), 300' 0 (Mei . ~). Colum~-,Temp. prolum: (I) HCXal hlOlie allJt
Mell. AI;B:.~ ' \0276 ' at 40 ' C/ min. Hold at 'l15- tor a miaut". (2),Met.C: 180 'cror
5 mtUI K. 1,80' C to 325'? at 40·0/mill. 3(5 ' C ror ,~ mioQ~ (ror rUQ #1 . 180 to 3Z5' at
40' C/mi,!" 325 ' .ror 4 millutn was used). Carrier now: _to ce/m lllot nitrolen. Oet~tor
hldro&eDpressure: ::0 pili. Detector air Dow: 200 ce/ mill. Bead Cllrrellt: 600. Cha;' speed: 0.&
IlI/mill. At,tellua,:wQ: 3Zx 10'12 ror ,UII' I aDd 2.,.32, 64 eed IZllx 10-12t,,:rdirte~ellt
metabol~t\u. ill rUIi3. ., I: .
Plc loraln ' , ~
Tbe method! rol1ow~ were those or Dow'" A(!R 73,3 developed.by BJerk~ (i073) aDdACR
'73.3 5.2, a i$pplemeDl to BJe,lc'~ ~e.t~od de\'Clo~ by Johlltoll (lo'77~ The prillclp~r!or Bjer~e'l
mc:tbodrollowI: ' I
~ ' . . ~
The toll, as r~eb,td, WII wellmixedaid a 11Ib-n mp!e extruted ",jtb potUlliQmhydroxlde.
~UlIlum eblorlde'101" ~ lIt. The Cltlr~t ,~I utlo.a '",as acldlrlCd, ,aIQra~ ,.,ith todium ~de"
aDd~lIl1ib'.ltd ,.,llb dirtbyl ether, .The-etber tolutloll w.. dUlled lip bl a buic alumlaa columll





or tbf'm etbaaol, tb e re.id ~e "' .. t)l.t DliP io "')ter, atidi~ -.ad trnted_ ilb ·~t:u.ium
}>tfrnaol)lale. ' Pk lo;am "'" txtr x ttd illto d~tby l etller. alld Pltffifit'd willidill.10mtlli"be
rU ltDl . The d ber IIOllitio, wasp~ tbrollill "folllmi o! buit alumln ror :tdditioD:llf)r :lDlJl.
Tile metbyl ester or pkloJr)m wu-qu.otil.3.lhody delermillt'd b)' lu cllrom"lol rap!ly " illl U
elft:lroll uptued et«tlll.
Jo bllllO,',(HI77) mdbod toBow.Ihat or Bjetke', bi t witll M'Ye,aI IK r'SS:I'1 modifiuliolU
for pitlorarD,n idlle dder mib:lliou 1111:11 f llrom:ltOlnpby ror IT",~ lor~e,lrai. ud ,I r"• .
.3.8. C om puta t loDIl And' Statistical Analysis
• Th d~t) ~I :luil:lble Jtbgspborn ~as 'n ed to detm nin ir tbl comp<nitel:lml'ko.in 'ot
lillie'WMlarl e eJloul~. to l iYeaDIIDbi~ nlimalt or tbe mU ll for the rn id ~ e. all :lII~_ Ole
C:llllot ~lIme thl tht n rb.bilil)',or l.Oil phOliphorus '11'3.1reptnnt,,~iyt or the Y~r i3bi l ity or the
Itlec:led berlliei4u if!" bornl tor"t Podnl. However, u "e r)' littl e u id,llce could be roulld in
thl llierahrre III;el. lloll lOlIOiI \ n blcide....ri..eee (Hormaoo d oi.; 1 973; ' Ap~r50n ct 01., 1930),
.: and "!lODe witb rel:ltiolllo tile berbicide~ itlec:~ ro, tbis .IUd)', pbo,ph'om was chosco. Thoulh
It ll " ·,,ery roulll n i i:lIlCf'llIdic:ltor,pb Oliphorul 'll'as..pproprl:lt e ~:lu tt it is .ene 01th 05e mort '
",riable .o il cbrulnist k• .· It i.commODl Dowlcdle Ib l llitroleDis'the mOlit,, ~rbble ot ..:il
pn:pertiM but due to the diYent D:lht~ forms ,iDwhkll it ';lists (NO;; Nfr; : IIINO): N: :
HONH,: NH,) , ai d 11l;~"~iet1 of :aD:lly\.it:alltcbD~un alt'd 10d~i«t tllrw d.,irre,nl~''.IL
WZi DOL selected u a urbDce i. dicator. ~ lollo'll'illl tqu:ation (3.1) d .ait'd to dd trmi rt.. tb..




• _ d,e u mber 01~.ired f:lJJlp1irtl aDits bti•• t.t imatrd.
" _ 'Ih; .ti. t'l l ";'illll(';' 1) citlr cct of rreedom ~t •
tbe (I pro~bili li I"~. (toaDd 10II:ltfSlic 1:a1ll9).
5' - t he ".rl"ce'o' th mUD
- t~_dXc X)' + D(II-I).
wbiln ; X _ mean of_lI~pIlDI lIalts.
)(\ ~ ~h ",I~I obtt " td lor tbe
11~ ~ .mpl i DI Doh .









0_ Ip«irled limit t eLby " Limator, measured 1)1 "aits
dtrill~by XI" - •
T ile fa '; d;tl (ppm) Wal fint adjusted for moisture ecntent , bulk dClllity. boril OO thichess
lo d f«overy ratc i before a loJ t randorm.t ioll Walpc rrormrd . 'This adjusted data (mil}.'" theil'
used ~9 COll ~ t "'l~t distribut ioll ; raphs (filllres ..~ tbrou!h ...ic . pal" &11 : 62). timMcpc,~allt
., perl V .occ J u plllI ~rilUr" "'1.&tb rou,b 4-18. ~a&cs 70.73) 3a d, part ; r b blu 4-6 th rall'lb to /
4-0, pI,r. 81 ,. 87. The adj lut td residue ! ,luu were computed by illcorporatilll Ibe abovf factors
iolo t he followiDI cquati oll fJlprrnrd ill'the lun al torm IllIfollowl :
.0411- [{Y;+ MM;I X BDJ X (D; X 10) X (100 + R rrj)





AYt - Adjusted ~"idur '.Iue. ill m, pc, m2 Jlld Oem thick; wb~re:
i-I , 2, ~, 4, 6 tor Lf', At , Dr, BC aDd C horizolls, ru pediv eJ,y.
Y;- UII~djUlttd residue nlue. IIIppm , wbere; "<,
i _ { es abeve . .
MM; - Soli drylless uprnstd as a uen fract ion, "';bere:
1' - uabou \,
B~; _ BUI~llt7...iD. "m'em- 1 , where:
r, ~.bove.
Dl - H~lti20n tbicklleu io em , where:1'_ , u ~l:fve. -'I; I _ ..
10:-,~to coav~rl II" to m" amd(m' to emi . ,
(100 -:- Rt~l - Factor, ror rteo nry. ra tti, whert: (')
J- 1,2 for or,aoic (LF) .od minr. 1 (AO!'-Crhorilolll. , I
. Prel~ml.lI .ry ,r .ph ical rt.r~S~.!II Of the tuostemed data 'We;e p'repartd usia, the com puter ';-
Itltiatk al pach,e, ·S PSS-X· (1083). TheM , raphl thea illdicll.ted all. I ppro:d mate mooel ror the •
'herbicidea' disappel tlll.ce which~wu COllltructed Vlilll the Itl t iltle,1 pMkale , "BMDP· (Dixoll, .
t{,83). Tbe Ir ,phk.i preaellt lltlo~ or.p.e penis tellce dlt, I, FiIUtu-+16 tbroulb to 4. 18, pales
70tb roUlh to~ I~"nlt I lIelat!ve IinClr leaal--'.9u~"}~lod eJ,l!!!:J!~xalilio li e . lIdtebulhillrOD ,;II..
aDd, • lIel.tive expollellt ial deny model for d leamb, ' ,eI pl.lo r-am;tbeae models III 1iJaear form
. ~ .
• rea-rollow.;
11101(If) - Q + PXI - for hexalilloll••od kbuthhlfOlI:
21101(1(}:- Q + /!lol (Xi - . ror dlcamba'lDd plclorlm ,
n. pffil~~IoD. or t he lime (lodepeadetlt. n!lablevd't.7~ _ X) for 60: 76:00 Ilid 06 % or ~be
40~ .
herblddes to dll~ppfa; reem the soil required either ~n iavenin n teehll q6e lue\ u, Y;- Q + 11
tZar. 1984. pp.27G-277;Neler d . al. , 1033, pp.1T2--174} Dr t be regrns!oll equ,~I~ultprtlSed In
terms of Y, X i ... a + fI"tl (lIonr leu t-squ:lnl). 'Tbe e~mputer Pa(~:l.le ·B~IDp· (1083, prOlt:t.m
POR, pp.26.J·277) performed Ibe laUer, th l11fadUt:t.tin &prediction ' or do,_ 1"1 lor diC3mb:t.,
hU:l.l ioOlle;te buthi urODl od plc!oram,
MislIio.& data ror horilo a thlchriaes occurred lor.'tbe"fiu t two u ,mpte perlOdJ, Thls problem
w;u handled by ;"lo.l -lhe IMSL computer routlo; CC NML, ·pseudo-r:l.l1do~ 1I0Ini:l.lllumbel!· _
routine (Inte rnatiollal M:l.themat lcJ lnd Stat istic. Llbr:u 7 , 108:!, p.GCNM\,I). It Is appropriate
when 0. iJ'la~le (a > 500)11and t be eor"Jpolidiol mea n aad I t3nd~rd devi:l.tioll ror t he
'., ~pnla.tloll ~ llvn. Tb~ GCN~ ~Ilorl tbm l ellera te r p!leudo-r:l.odom n~ol(O,I) devb lts by
"'triiiirorml~l,uolrOlID- ,dnI3tes td: no~~~~~~.e'.I~tt. u.lo.l an.inven e norm31~ob3bmty diJtrlb iltl.on
rueet jee. Tb e routlae re~ulrea Htticl a.!!!i! n lue lreater tha n or ellual to ~.b: digi' Dumbel - •
a o.d ,Jbj:_~pur~ioa meaD and . ta nd3ld devl3lion {or neh borll 0n. -The I3mpl~ . Ile is 830 {or LF ~i
through ~r horIZOn', 734}or tbe BO byer and 110 (o ~ the 0 13yer . Where l,he me:a'fp, ·Il.Dd.!-t!!!.dard
devla tlODi lor e:&eb p rthe fonowl~I LF, A~Jlr~BC, and C boril00' reapec:ti~Jr are; 12.2, 2.1j ·II.~" . . ' .
2.6; 2S.3) 4.0; u.f: 1.0; and 0.8+ . U +, The robtlne is exeeuted In double precision.
~ Sc~tte rg~ams and Ita~iJtlCl (meaD, IbDd:n d .devi:l,tlOD, .,taDd~rd error ~ m~311, d:ewa eIJ a~d .
. ku rtolia!O r tbe,,:bol~ poPul ~tiott (borizo D. t b~hellror alleasrll and 'QbpoPulatloD.s (boril oD
t hid :DeSJ by time, plot aDd,time aod plot) lodiu ted DOlmal d~tribut lo nl, T· teah eomp:l.riog
• r/ corded values with Dorm;1 ran dom·, enerll.led Dumbers {borllo n thic koe~; ror all C:l.!!M , by time,
\ by plo'l and. by timeao.dplotli lldicll.ted tJiattbe J 30domu umbtfl ll.re a.lu bpopul:atioDorth'e




IIWU~ tb: .u~plloa ..r la. C b",holl .h.N II_ I'~ the mlolmllm thllO lOtmrJalt l. cootln lt." ror I~




RESULTS A ND INTE R PRETATION
4.1. In troduction
Oue phot ograph indicative orvegetative conditions on all plots is presented in Figure 4-1.
Tb~ photograp h abo....s the product 's er rect s a.s a distin ct cont rast o r vegetat jon gro,"" tb and
dev elopment, 00 and off the plot .
Figur e 4- 11 Ph otograph of veget atio n effected by piclora m ver~u~ nonsprayed
peripheral a rea, one J u t later (August 1984). A quad rat 1 m x 1 m
is at th e top end or t he plot .
The re are five main eompo aeets to tbis ehapter: ] ) T he results of th e pbos pboeus data are
used 1.0 dete rmjne if tbe nine sa mpling noil.3 used tor th l" com posite are 01 an adf'quatl" size. 2)
~ 105t impo rtant of all, the ' 6Ultl of tb e herbicide 30alysn are presen ted to fulfill t he ob jectiv es or
tbis thesis. 3) Graphica l regress io D equauons are formulated to predict herbicide disappea rance
times. 4) Th e results of the spiked sa mples are used as 3 cheek on the integrity or the procedures
r"
\ . adopt ed by t he aaalytical1:l boratori". 5) Finally, tht dll.l:t. ror botboD thielr.ll('Uu. m id:e
.tOllCuhatlobi aa received, eeereered for d~tributioD b eton, relaris e quantit ies det ected pcr
u.mple pniod ao~. amoun t detected aa a per(u~ of tbt applied arc tab led a~ the cod ot !bis
cbapt cr.
The NIt "or l~t eomp05ite nmple is acupted u ",Ji~ bMcd 00 certailllivclI lWIumptiolls
aDd the d:l.t::t.aa prt~llttd ~Il Appndil. M, pale 147. Tho,!",h. ,."',bI.. th... ,.11,,. p......
r ' -.'~ •
.-.'
; ..•,r :::' ·
. .
. 'The tabled ,nulla indieate that tbe ,ehO$Il"Il · s~leot. lli~ e UD!tS is ~~pt:l,ble ....i tb~1l tb ~ li~ i t. oJ:1
ataadard d~vbtloD 01 photpboruii(KV/ho) fo', t~e ~OriJO Il ill;QUt5tIT : ' Tbephespho,ru, dat a u~.d
to eoutruct tbe following,b ble +-1, e,~ 11 be lou ll~ . it! "l'Pc ll~ix M..par 1 ~ 7. ..' .
T.bl. "1' :. Sample Site Dete'lJl iuatIOD:'PhosPhor.,.I1lK9/ho
t .. tI. . fQ.Oll · " .',
S," lId..e . ' ," ocs ..' ,?'1 .174
lo rl , ••• 01 ...... V..l un on hUoa . D , ~a , ~
'-Y:::::::: .~::: ':~::~ ~:o...-r: ~', '::: ','
II II 10 :no.' :lElH.1 10.04 .' 114 4 . ~ 14 , ••
~ : : :: ::~~~:~ ~:~ :~:', ' =:::':.,:: ':::.>
,," U lI ii' ii ui:e"i8W":l~ti:ot""'¥O 'p " 200 I.i '
. '••1......' 1••1.. .
41.,•• ,.it ot l r•• u . " "
D . ' .. l,..U.l'. h ,U. ,. • •l1•• lor n rh ••u '.,.,.. . ...
'r' h .. t to•• ud . ..hU•• h o. t...... :
ft • • , n . al n d , h olll 'lo ~ I ll .. "rlun .... 4.. 1nf .)t'~h,
The results ahow tbat S, 7, 4, 7 and 61:lmp~4 :ue t be milllrr:um required Dum'ber of"unit,
Ileeeu,ry at tbe OS % co n'fi~ellce level fo~ tbeLF , Ae, Dr, BC eed C bad za.n, re~~ti~;IY ,. . '.,' :. '
Alteruatively, nine nmple unitt are required for the soil profile u a whole at t be OS'%,eollfidclice ' •
lutl:. Tbus,''b:lSCd."'Dtbe above mentioned a), umptioDof similar variance, the eboJCIlJile or lIille
Ia.mp~·\IIl·i lais o('3d equ3te aize for aa:t1Yl is or berbieid~ ill a bereel torest POdlO!. .
J
I , ,.'
4.3. Villidjusted Re aid uea «, ..
~ ) , " :- ' . , !.. : :, ' ,\~) , -
" T~i5 te ctloll b primarib' preeeeted lor tbe comp3tisoDof t.heunadjusted residue distributioll .~$r;.~'; · :,; .:~. ,' ~U~Y~: (F i&~ t:" :4'i;' ':.~. ',,-S alld·...~ll) with the adjusted tUrves (FlIUTeS 4-7, ...-a ....-O,·lIId " lOt.,
i2" 1 " .(' ' . :;'t.'' ..'; ::The'~~ ttei'D~ t~~t t'b~5e"cii rv~ ~f~Il t.10 ·1l0' ·~hall &e from t bose of the adjusted curi-n: '.•.
t.~.'~.l;.r',,::J;" , ;.:~,~.w~~~r : ~t~e~~_~~e , lI umrrl~i:l~billl ln ~cu/red by t~aIlJ.for~!r1 1 t~e f!:'W. data, illto values
': ~·~~~~!,-~!e ll.tatf~1I! o! :U:tu al.~~~d fQoditi<lIl.s. First, there is' tbe ~itivf" ~rim~>~ .~~ act ual valuell by
~;:"~:':':"~ .:.:,., " ~):" ,-,:; "'/a: ~.~!-' ~~.~~~, by ·thll! ,~Ofi!,oll .tb iekllClm, recovel)' rain aDd tbe millisram cOllveniaa ullit .
0(-::7;:~;~ ' :>,:,' .~ : :: .': . .~;KOlld ..·t h!,e.• •me r~<iorl also have . positive multiplicatlve,lIfted wbleh lllm uel tbe overall
y ':' ',,; ~ ~ ~': , ~ralllt ~t Yalu" an"du lld, to IDcre,," tbe spread bet weelliheir poillts. Tbe , djuatmClltilor soli
g~:~,~-:.,.:~: : .\:~ I'::'~.~~~ l,'!~e .a:~.~I\ .b~ llt ' JlhiltY 'do Dot noticeablyth Ule tbe p.~tcrDs tbl t tbe ~~r~r prcst li ~.
"l-',' --,:,.c, - "::.\'.-. ' . • ,..(fl&"'~e~ 4·2, 4--3,4-~, 4-6 aDd4-8, ({la&" 54, 6S, 68, Sz..alld 58)sbow Ihe residues ill t beS\'.·.':~_~.'.lt::::,~;: ~'.., :. " ~<,: _~om~oll .Ioi arltlam of pa,~ pcr.mllll\lll (ppm) lIDadjusted for aDYdlatribulloll factou . Thl. nnt • ' .~
_. . .., ' '- .s:, : " ; ,: ~.:c:i ~~ n~;r~ P;~Cll~ tbe}aw d~ta tor e';h 'berhicide ~1t.lour . i.pb: The' nu t &rllllb. howa tbe
~,:~..:~.;~:.:~~,~;fr:;: : · ·;::> ;: ~: ' :~ ' ._, . '-.,, " - -r ..> ., " • '. , .: , '." -.,
~. . " ' "~ " ~ " ':t ...i/':;i, "" :; '.-
, : '
'." , ' . . . " . . '
: j/lid:"" i/l~eilsive ~.3mple pe~ jod ibd ,t~~ secoad.graph sbaW1 t h oe ali r~ .n mJlle"~riod. ,Clarity Oil
" tb(I;~Jlb5 for , ~~t. rin t Pb~. ~t ,iamPFII~ 'W:l$ " imprond by iflm:UI~1 the scale of the ~X. ~i'-, ' ·
Boti.).hm &t;ph{~f the first set iadie'ate the eompollads' peTsht~ace aad propeasitylq lu"'ch, " ',
Tb~ ibjr~&rillP'bsh~~1 the'dm~;eli~e between total residues d'et'ed~d te il,,~ or&anlchorizun' i,lI~IV~' "
ihe t~tal :.um or r.t5 jd~~ detec~~ la ,the i .mhler~1 horizoa5 nmpled (At, Bf, DC":.t,;d'C ), ' FI~,~llr : .,,. '
th~ tO Il~tb& r.3Pb sbow, Ibe' .\(ltJ.l.llllm ~l mi dllu ill the,pronle ~ i.yjll& Hlnrcr pictun:u to tbl, " " ~,\. ,
b~r.b{C!~"ea: pCT~lstellC<l iodepeod<:~~?r Iloy betweell- b~rl!oo ~ar iation . '-: ,.. ~~<~ ;~~;.
. ,....:.,,:
7Iill{~II,~(1
s:l.I11pled" s,~mjbr,ill f~r~ a t. to' t~, ti,u,~u.of U fl a~j1J5 ~, 't~ id,uu 1\'st ated .' ll:t ~~ 'pr c ~ tou5 .S<"t.l i"~ : . ' .;
.4,3;' bil~ ia ,'all e~~nded form. ". . '~
,'... ~ '.
,:.;,
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the blab LF ullin distinctly coiitr~1 wltb tbe low ¥Illuu orlh e rOUT mlRual laym, AtLbf~h
C: Fur din.mba th is IIoep:ar:loiioDis6lstioct, 11I0\l&bDoLM Irtal as wllh Ih olhn compou ndl, and
. ftn d:l7 .14. the mineral soil let iduu' loeruse to hilh u leub tll:l.D.tbosr ill tbe orl:l-;; l oil. Th is
paltcrll nd. aflcr 34 d::.,~·· , ;jlO.It da.Y}8). at which point miamlllloil 'flidues drop to below
..,,"f'" dcll:cla.blcJe¥cb m:"'dD,. t~ ' .ep arat ion extreme ror the remaiadn or the n mpliol peric4 Thu e
&TSh LF ullin [see T abln U tbro uab 4·0, pai n 81 · 87 aad Fil,urfI 4·11 tbr oul b "-H, p:" ,00
_ 60) prim ari l,. cee ue because of l.bA adoorpliu ,;!I:1rsetr ,ia tic o! hum ic nba lliMu and ~thr loi,
.-" OII I Qo.md:l.llie rom plu u (GroYer. 1071, pp.4l7-H8 ; 'p rou l Il Dd Smith, 107.&,pp.17o..I86; Kbll .
1072, pp. l-12 ; Kb:all, 1080, pp.3z,,36; Morr ill d ol., 1082. pp.17G-172; Ne:upau, (076, 1'1'.272.277;
Wer<!and Weber , 1'074, pp.39-6.:.l. The orl an1c_contra t oJitill are mnst often repr~.ented by
t heir orlaoic carbon cOlltra t ....bich!9r th b soil ~allira as follo.ws: LF 8,F-'Il.:..8, Ae 0.8-2.2. ~ f
4.l o'll.I, BC 1.3-2.8 IIl1d,C 0.8-7.7 %, rrl pedlvrly (see :Ippndlll H, p:l.le'\35, for u rboll cnnlcnt
at:t.listics). Th e ~ o ll tr:la L beL....een the urbon conltnL of the LF bOIllon, mun of 00.4-~ , ~ nd Ihe
e.• rboll cOlltnt of t be Ae Lbroulb C ~o rl lo n" men or 2.72 %"{' conlisleo't.....Itb t~il paUe ln
Wbie.b cOIlLlnue., tbroul bo.ut the c~ tlrc uJI"rl ml ntal peejod 0~48 dayI.. It I, unlikely th at clay is_ . __--
more importa nt t"'n orlaotc maltu a.:l a lu b. tra.te tor bl!rbldd :ubo rplion becallie or tb l! Imall • .
Imo_~-toll nd IIItbilloil; 8.~2! 8.81, 12.78 a.~d 14.4 ~ 1I III the Ae, Of, DC and C hor l. ona
rrl prctively (In appendix I, pal e 137 ror rHllMi or part kle ahe ddcrmldtiooa). Howcver, ....hl'D '
~t cn'n.lde Q h~w,very b rl e cbr'a eerraee uea.to mass ra~ io call be,.ituole iOlOrptlon m3Ybc·
aliniri c3llt ',lo a~ditloo, ail tbe orl a.ole eontenLdeereu es wit." d~Ptb th~ d ay cootent incre3-"I'3, ..
whicb m3Y In1ieatc tba,t wbere orsa nie mnner contributes Ie!! aDd less adsorption . itn wilh
depth, clay is iocleulol ly a.bjt 10l upply a.naltcfll:ltlve pOol of adso rption lit es. .. .'
.. -_. . . ...
: ~eeolld, the pattern wbere fc.ldlle nlues ror th~ I~wcr miocral b yers (Or, DC I nd C)·
iocrtMe over t ime Cln best be described as a displaeemelit preeesa. IDiti:l.lly, as Ihe berb ld du
'be l io to move tbr ou&b, tbe soil tbe sr ea.te$Lqua.~ itle,' ar: dcteete d io the LF b yer.lul! T abie;
, .. 4·6 tb rollsb 4 -'Il ,~Pa&" 81 -87). As tl~e p»ses ulu~-1or tb LF b yer beSl1lto dedifl~ (pod dll.y
5 lor picloram. dl y & for dieamba.and hex:ulnollC, Illd da y 6t ror hbu lbiuron) and tor reb linly
ahort periods, 'alues ror t he Bf, !JC and C hori. ollSse nerally teed to lncre~ (&to 012 day lallle). \ I
Tbis p~ttern contllluea r~r dinmba {day 14 ~o 20 ror the BI layer. day 10,to i8 lor the BC Iaytr
"lid, da.l 48 ror C layerl . buuillolle (day 10 to 36 ror the Ae, Bf, BC i nd C l: yC1l),tebu tb iu;oll
. (day 5 to 32 lor the Brby er, day I i to 32 for.ne BC lal er nd day 32 ror tile C b yer). aod
. Ple~~ Il lY 6 10 11 ror..ibe Br 131er). d rae ~bott ~riod.li dICl le the mO'eme nt of h~rblcl~
as I pluS lonueDced b1 .masa %'..... Whe:>!l'rle pe.!lods eod. there il l eh;n1e a~., rrom tbll
dominllt plul publlll ,plttcrll \ 0 pat terll. repreaell.ted bl olher d iaalpltl OIlmeebnisml. The
actn l l hil"t.I~ay rrom the domlnatl~1 procell ot mlU now lI"rtpr~lIt~d by tile ud polllu:.
..whlcb term iolte t beee Inltnlll (daya 48, 36, 32 alld 11 lo r dteamb l , btU.IIIOlle, tebutblu roll and






'. . -,~~~ ,~,:\.:~:,·i · , y. " J~'. ·Y>~ ,i;'.':i ~,:\:?,\~)((I/:'/:';' t;·". " , .:?/<:/:~\Li,f,
"lit · " ~ " ;" :.'.; ": :"~ .', ';/;
", ../ ).",>-" ,:.,.' :;';- ' ' ,'",;'::,: :,; " .':'.:,;,',':< '.,' -, :': ';, , ,!
pk lor am, ruPfttl~eI1)' Tbe t.ri~,u.u. ror , th.e,perllis~ ll t1ia~lIr~ o~,~b~.~.b,j~ ,r~~,. ia.ll~bibit~~ by the
• deuetioll of rlllidutl ,ill t he er l:iyer (di.r :ho.nd.~l lind,thC!. A~ la! i r (dai . •,83); and (or
PifYoram ill the Ae layel (d3;y:310) and t~~ ,~P i!&Y.~ {d,~; 483)~ ;,,,,,he,IU5 , (01 ~ lcamba witb.
Ihoitel balf· life•.~o rcIid Qeeare. dttec ttd i~ tL; '.~I~;r~ 1,1I1{t~ '~~~~IlY"'8. Thell'l''d tDct tot
.' bu:a l ibobe, tba t rtl idQll$ ll.Ie ~rll<!llt ill all horr~,onHll d~y .3t~ ~lld.ln thll.Ae ,layer 011 day . 86 , is
more likely due to t bt bj~h app lic ~tio ll ' r~t;'i~~11 ita k lD:e~k h·l.tii~e . Nondht~~I, hexu illoDe
midQc"eveb d ecline r~r all horjioQ.. at~~; '~ ~ 'ill li~liJtipoi~t .~ re a~hed (d~y '382). ' For u, "
. Iborh r livtd diea mha.' re5idue 11l1-'fia d.rdhi e~:~~r" Il,U.h.?;lt~~;' po~t, d,ar <4'8. , Set . ;~'b,ie 1~·.l'ag.e. 171, ".
tor the co~pouDd5 with tb~ Iborter bal(~livt.'~ ,~t. tbie t i~~ l~,e. dc~r,a,d ~ li~~ ,rG.ctb~e beSi,1lto,
predominate over t~e dlstributioDbdoq. T hada, th~ di.!p\:l.cemt Dt ptoee" baa d tt ctively ended,
aDd ~DY displou:tmeDt: , btrbicidl! t ~ at!~~;:.~iin ·b~,;~~i~.1 ~D • b~in~'~:is~'~~ ,~~: t~':hi~ber :';te"~r
del radatio ll (dicambs aD,cl,htxUi~Ollt,)' 'AD.~~~'o~ to ·t~U' ~ i~ p~aC,!~t~t Pr~,ts,~ ,..tb~~~t.i~~.,:~r . ·:::.~::.:!.~::~;.::~:::'::,:~~:~~~S~i~~i~:~:~~ti;:B:~~i~~l\t, : · ·..·'3;;1:
o~ W:ltef,(allt«tdtnt aoi! moisture) dOWD'51~pt . " Ir,~,a~ be dCllc.ri~ ~:~. pu~~.t,bf,~~gb , pr~.:~/ ,~ - ,' , .\ ~ y::~: .-
. wbcre momebtum II l elltnltd by' I!a~ l ty a;;d, w.b~ft'~~~~t.iOD -'aDd-e\'Bp~~~,~~¥E&~t,~~:Il'~1 rore~,~, " "' ,: :::':"',: ::;',: :
ret:lrd the pu5b ..... Aecord inl to H~lt, alld Hib~e.,t ~(ibid.•:~ .. ~{l,), tr G.D'sl~t~~Y "n~ p'r.c'~~inill~t,~5,~ : . , ,:-i:::' -::'i :'.,,: '~
: :b:':~~:~:::nm~::::::~.:,::::::: :,~:: ::'::';i:~;;:i:;:~::~7:,;:'::z,mIr'~3 ' ;" . : c . ·n: ··
%. Thl;d, tb e 'Sfapbe lenerally'nhiba 'wy low v:il~et fO/t~'~ ' ~i J~~~'i. ~b'i~~:'~Y '~tfi'~ iiio ll '" <, : : ~:;.~:'
• euuuta lhat t ~e leubed ,oA...tayer. or lODeor ellviatipDJb~ aJow:er.,~~~ng;:' .~~~~I~~~·.~~~..r~;h~ :,~--:, ,": ' :'.~ '::..;. \,;':'
oBI- horiloll. which as,tbe illuvlated by u.ie--the ZOICof acc,ua;u t~t iO Il. , ._As,.a:t ~tf~· i~ , t~~ ,prt~'~~" ) .'~:: ~
C-;:;a1rap h, ff5idll. ' ..I" . are ;,;<;,11, lb' ,,,...11, lb.e ~F Ii.or..;.z~~.'an~, ·~.Uba.•.eq~.e, ll.t•.Iy." ".) ..:.'..S~.'~, :.., ~." ~;.Ji~ . i..:,J.:..,-.:·.(\<.i .·.;:,'.' ~
Ae borboD tball IIIthe adjacn t Bf hodsoll. T bis pllnerll ioli t illu~~ oui! the Iie rbicl~~ haa putScd .: " b ··"....
_ . tbrOUlh tbe pro t.le and all uailable adrorptiollllit~!J, :uC-O~CQP i~d.· ~ne r th~..ba5:bc·e'; aCb,i;~~1" : .;,~,. ;'~:, . :/)~~
-rierbiclde movemt nt btS i1l5to feu mblt tbe movcment 01amDrphoUibumic nbst3ftCef afld .':: ." ;;,;. ; :~. ~ "
" Jll quiollidellQbj«t 10 t.b.ep r'OielUl t tucbill,l. Ht~Ctrortb ( tbe" ,~at~t;1l ot ~o~~r'.~~~ i~' ,~~~,~e.' .· ,. : ; ~" <;<':- :
tbaD II tht BCborilOIlbei lDto lDaterlallle, Tbis p,atter ll ot ellliia tion/ill u. jatlol oeCU,q ~omo " "' " , ~;, 'I
time a ttt r daY·3.~lId berote day II aad coatillue, Ulltltday . 8 rOl.dicap$.; attn l ay, l" ~bd, ' ::"' - ' ..' ""
cOlltlDQll5Ulltlld..,. 382 tor bu ulll olle; attn day £I,alld be;ofe"day J1 a'~d COl1t illun ' ~Dtil the i~t - ~
n mple de, (day 483)tor tthutbluro~ ; IIld, art~f day & aDd before day 11 aDd CO~'tiDU i ll l ~ Il t ll _:.
- beftlre day 32; with l9'J1e nld n ce,tba U bt prOeni may-(o~ti ll ue lip Laday .83 ro; ·picloram. A
(balatt~rb l.~ 01 an tIQ. iatfd .aA°borizoo 11'hat It Iadtn clnt 10 l ubalallcel . ueb as 'or~ all ic : ~.._
earooll. DlttOlell , mobile IroDand l )umillum, alld clay, The tablt l prtuDted III appclldicel'J ~,Ild
, t·
~ ] ..
.:... :.- ;~ .',; . ~.:; ~:}{, :.<~\)~~;~~ :::,,; , 'S<:· ' ~ ~· ~"~:;'~: ,:: : ",-:
; '':'','";·: ts··,,_\ ' . .~ ~,~ -; .'. . ~, .~.' . .' .
,'. -. ~:'.' .
K (pall'S 140 /Iud lH ). Ihow tha t-ror thu f IQb,taD~n ~Iltlr uluu art' cb~uettr~tle~n1 ~Wf'; ~II" : : " • • ' : -
tbf' A, tbJ.Dtb, Brborl lo, T bQs. wah rn p«t to IUf'hlD&. thc k l« lcd h rillcidts 'ppr:u to ./ ~ ,
~'b;f' lim il~~-to th;oe pr" .101111 f11f1ltio~,.d.' amor~h~~' ~u~~a~(n, .., . . • '••.. . :-.
. ~ .... -. -:
;:'.;
nt aext ut 'or ·n&. tr:t(Fi&. m 4-11 i.h~jh·;4. UI;Pl&:" ~ ~ :~g) ~t,~y, tll; ·d irr~:;i(c.
bet_"" the U!tl l Tu id' , colIC'cDlnlio. dct~ttd(mlof a.L) I~ tilt OflaDic kOrjl~ll. (LFI iod lllf' . ~.:~
·i:::.'~:> ~tal ti m delrtud 16 t'bt IAiD cr~l ln;,u~~ (~e:' iJ'i: 'BC aad C). n~'(i. II'ts i~ffit;ll ' ; a~ • . ~.
~; '!~: j~~t~iif~~~~1~1:::: i
:!~;~Ijlra,~~' :~
.... :..:'~-:.:~:- :'. .:.:'.: ...... -. 3..-\ slo"";' dcd iae o r re.iduc u l, " ~;t'et th haw(f' Ot',thc'iample pt. lod{tnore tll·u · '•• ~.
... ." ~ ':;' ~' .':,' ::.. .\>.~~?O~:~~~~~ 1,~.~~~ ;~~'.~~t, .Ill~Do'.;d~r:e,~ i~ 11O~.: } .-\ '. .' .~, .: ' : : ..> <,.'.
~ .',-: . ' .'/;' c- '. " '.' . " The,M·i raphl at.f :1hfl d~r.~ by . ieit~~' , f'qIl::r.tioDI(Ht TabU ....~. pale ·71l_IlMiob •
~~<c.:. ':::.= «. -.;~·;: ~~~+:~,~~~~I.a,l~~~.:d i( t~~.~·. ,~~ ri!-~~?~:~tr.,i~,il~a.~~pr~~'~': ;:~ o':~j~~led ~n~.~~ '- \.~.
, .' • : " .' ': ':,' ,"~uif,I~ ). :~:nt .eq'ii.IIoII' .ate,t~e ~.u~ ~o. C'o~PQtc tbc SO, 15~. ,~ aad II.S.~.di!:l l'PUrabC'C~; (}·'/:· .~ ~I;iift.;ll~;i~~$5;t~~:~,::~~:::;;::r~2i~E:~~:';'::'I:~:':;':":..:..<.'.
:: " ., ' .' . ) ' ''''''' ''''',k,,,.m ..1m "~,",.b"o,,"r6i Thbl,l lI. ' ,bu, m'r "'" '" "K""" U ·. . '.:, ;~?,;,:1:}2;;~;:~~:··4§r<· ', .•..
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t'irlt~lmplet ,"fie tun ener tht first-l tolm nut. Prior to the raia, the Imbidde remained 10•
d:i ...,il wltli 10 toil m,?idur. deridl 12or 0 'Ddt m~ for J uly 21 LIld -n.: ;t~ t.iY eI1 . Tbe
cllrnulatlve niofall &raphwblcb followl t ln rly oullilles the precipitat ioDtYe"!.~ecorded 00 l ite
fuilltatlol the uullli illtt,pr tt atloD(Fi&lIl~ . · 10, pale 7S). .Tbe tint (alll enO l 00 July 23 (day
1 "lid ') addrd 2 mm of predpit&I~1l ' t.O.~be toii which did Iinl, to incltN' lOil'moisture ~torale
buLdid pr9mote the dirtusloDof htrbiddtt thr,QUlh ~b e LF, At n d Sf bo,lloo, (Tables ~·c
tbroulb . -9). Tbe 'I' XI'eYCll t Oll JIII1'"25(day 4 l a d. 6) added 2Grn(l1 of pred pltUloll wblcb
brpu,h t the Itlil moisture I I!'u.&e lip from 108 10 131 mm, atill below the &011', moisture boldiol
upac l~i. but luIMtalltl11tIloulb 10distribute the berbleides tbrou&blbe l oil profile. Similarly, by
AUlust3 (d:r.y II . lId 12), tbel«olld IImple Poillt lor It'~utbilnoll alld piclor:r.m, 14.0 mm ol rall:l
bad aeeumulat'"d, 60 % 01wbj~ had blln dur iQllhe 24 bourl prior to ,:r.m~lill&. Tbu s" ,dirr~,ioll
and'mua now'b.d distributtd tbe,herbicides oyer ' I rea.h:r un ne e area.01~il P;u,licles
deet~uilll t he DumNt of bot I./Id~old apall &lid coosequutly Impro.,illl t he relil.bility or the ;
eomPo-iu umpleB , Tbls mI.)' bo'id eveD more ao for tbe or&l.lIie laycr wbkb b«:r.usc of it,
.palll~like bydrophillic Daturltcould loitla.l1y aceouotror a mOfenriabled blri butioD (ri lurc, 4-7
tbroulb 4.10 &lid~l1lbroulb 4-14) ~d ail llifieantly bilber uluu . ~ , .......
Secolld, due to Ibedrr cOllditioDoflbe 'soil,tbe majority or hetbicidelemaioed olltbe
nrbc:e wltb oe. li. ible dowllw. rd mcvemee t otber tbn by dirru,ioJl alld ,MIme uohowo loY
~b rous4.Yobtilila..lioQand pbo~odrlrada.tloll . .furlhermore, it Is likely tb:llt, t t e u mpliol tools
. (ShOVels., picb , tt owels alld plaatic Heed pail,) were eoot3miuted withi n ' 'lIbDOWII propert ioD01
Ibe berbliide . Tbbr 1Il1koo~D qualltit)' or herbkide would :e lost 10 det~e 011 wbtll elUll ill&tbf
~ tools'," pa.e 43, ror c1ullllIl procedure)alld lost becauu of adaorpt i 10 the iooer l urrace or
thedispo..blepl ..t1ebal.u~dlolioetbepa,ils. !fi\lebquallllli~r~etbicidtswerelost intbisflit way, tbell all aec.0ulIl oftbe baboc e could b:IIyeollly~D made ir the eOlllamilt'-led c1ellllilll
solutlo ll alld plllllie Jilin b~'1 were alao an1hed tor residue elllleealratioll' . • • '
The 1«lInd phue or tbe distributloD wh'irb Ihowl tbe Ileep .Iope rollowilll Lhe puk Iu tl 4
day. (IIr bnadlllllle, ada11 ror~mba, 63 d:llyllllf piela, am, IIld don not ocr ur tor
leb1lthiuron. The Inu , preu lloll or this ' pltterll r" ulll ill t1isllll,ubhill' t he tolln_lo, 'ri, t lact oll .
-,t. IIlaI a Imall Imounl or brrb ldd e h"" bOUlldto lOiIr olloida alld IaIlOt euity ntuelable ro,
dttrct lou. St colld, tbat ~Iltfe ma)' N I -iOlllo'r he,blclde 0111 ol\be aample area throullb mlUl now
Illd/or tolaliliulKrD . Third , tbat a,lu.er porlioll or hrblrlde hu dlrru~d throulb th~ ~i1, ,;
tOmpkx~nd bft. adIO'~ b1 or•••ometI1Ur rompo\alldl ibul ocrupyl", tb'mljorlty of . •
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. 80 Day Rainfall Record .
1continuous gouge on site, 50 dey record
2 cylincricdgauges on si~e. 80 dey record
50
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Time- Period (days, June 2'1- - Sept 11)
Comtlo pt,nd. .198J
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, .J ') ,
ot berb fcidn are .,Pt rf~;~iol Lbe t:uk 10r which t hey.wu~ desl16 d\ 'Ia Lhe uptake aDd melabolie
adl..,ily or the-~I,d plaut .pl'e~. Firlh, buLGot le... t , t£e orfllo.1 compoubdl &Ie~io&
traD~tormtd iGto.del rlldatioDby.prod~cu so d m ooda". metaboUle. hy tbe IOn mkr obiot a wbich '
hu !lteli ab le to adapLto Lbe Dew Buhatr . tn. AlII~ "dori . re coolldered.., fi"b and lr e
therdor~ loun ~~ t~h &IeDot Secou~t~d. ThO~~Od ri~dutt are adjualed fo, bl ,~ppr~{rlat e •
r~O"'erl r'~I, ILq' ~ot PQUlble 10l uar.ntee a IpuUi c lenl 01 r~o"ftrl ror all bouod residutl ....,
.~.II. q~ao, itl... th~l.m ., be. The' problems tb.t aoalytiea.l labontorlcs bat e 10,;co..,erjoi ;
100%. 01tbC~de ·.~plicd It extin Pliti. ICd by tb~ m ulti or t he bllad .p ike.lt .u ih~~,lrl Table
• •<t, pal t7D . .."", ~ . . ' . ;
Tb" , .' " "' ," lb. db, trib.'. tloOtxbibi ll tbe ~ reo d o.r :nlo~ deeliDe:r m idue ..,.a l utl4n~
tbe balalce or the II mple period. wbkll t:lke., at I~t , fll'i daya ~or d" •.mba. U6 d3.ya ror ( , . : ... ......
hu:uioo De,' 4&1!dll' Ior tebatbiu rcu aed, 410 d:l)'s rOI pid,oram, ' .Th is P. t.,.t Ut' iOdlcatt ,a t~II' \' ,
Ilum~r 01 evelltl mw t hne oc:ellrred. Fint. aDd lor,emoat, tber e is.lbe ~Ioilll dClradat ioll b)' .
tbe eell mit robiota. 5ecooo, tbe effieacy or tbe produd ha b:sd itoinajor fmp:a 0 11 the tarltt I .
epee iee. Tbfrd. delorptioll rrom aoil co~po.ulld. b eOIl.tiDuiol but . t a d«re:-aitll rate. _ltI \
addition, tb e utur,.1Uotti c delra datioo or tbe product is !ltco mlol all illerca.siol1J I rnter factor i·
ill iu dis:lppearallte alld filla.lly, 1081out or tbe lamp le . rca b~ diminished. ~<,
4.4 .e. UDadjul!ted And Adju.ted Re.l~ue Data
Tbe tll1 a fot ~ 11 ~~ the UII:ldjUS,(lId . djusted S"pbs dis eussed above t:l D be~{OU lld ill
. . T.~ltI~..a Ibro.lllh <t.0 (P'ltl 81. ?,), .T tin e tabltl prtlellt: T.be tl}tall borit oDtb~D.!.I~ ill. . ",/'
em (rollllded to lhe lIu u d ceDtimetr tl, columll olle), t he I.mple l ite ned 10 de l~rmiDe t~Ilt!!! --:' ...
borbo Dt bltk D.CNCIof colllmD. eee (coullt , e, eelu me Iwo), tbe mC~1I boriloll ranlrin em { , / ..
. (nntlmelrtl, eotu~1I tbree). tb' d.ta u t" 'tind ill ppm (pa.rta p'u ml1Lion;e olu';'lI rour), tb~ da.ta.'
uadjult ed lllml ol • .I. pcr lbt a.bo..,e l. i:to '! (ml of a.I., eolllmli five), the db trlhutloll ol - .
reBld~n ill ncb hotbOil ... a !yceot relat ive 10 t he lota l, detected ;or tbe uaoc:lattd B. m,ple,d.lI)'
(percellt, eohlmn l ix), .",d the rtl ldlltl detect ed u a percent or t be tobl herbfcide apPI• . tbe










r · - ,~',
: 4.5 . Grl:.phi.i:al Regression And Disappearance ~imes
Table 4-3 (pale ,78) 11aD empi~icl!!l!!~Wd",\ror a SO,16, 00 a.fI~ OS~ rr dud l<! l'1In ...,il
::~d;~I:::~b:r~~~:~~~I: ;P;:d;~ ~:;:~: L::~:~~:,~:~:~eo~7:: ~~::~:I:::b:: :d:u~
~~plic.~I0'" ~L tbe ODK!of tb~ 'cxperimHltal period. lIthe -'«~l'I d IH, t he DT• • " b:utd 011 t) r
tota l_m aulI! of herb icide (Ium or LF throulh C horilool), for a partlt lll:u day; tahn:u thl'" •
, . .
. . , .m:u:imomdt ft<ted OYer IU,ample d311( This allOWI tor. comp:lItsoll aDd ~Oll lr :ut of 'llhlr~
' l:i:~::.~i ::~a:r::t: :I::P:~:;::a:::::::: ~b:::I::' ::1:17:e~:t:::le:::~~ :~~t::'t ,~
" cakullttd DT~. " lhOllld be anted Ihl tbe DT, are 'Orlb' rrle YaIll lor the coocr ntr ::r. llo;:r-
h~'blcldet t il'eo: the to yjMllmeDI.1 cood itl~~~ 'utder wble~ the txpt rlment ~:llI'cDndurlrd and th~1
ti~~ ptri~ that the hClbltld" ""'rre motlitg'r~ for (Hamakt r ,J ,\~:, IV72, pp.2iG-27V).
T.bll f-t~~ Ducri~liv).Relrr"lo~Equa:::~:Ul
~.! ,
' Iq u U u '
,.u
I qu u
"". • - , 104
O.02n
0 .0311
• . .. . . · .ttO
0 .1021
O.OS2J
""•• - , 171
0 .011 1 ,
23N .•
00, • •• - .111.
0.~12
111 .06
lOl lY.) - UI02 - l.un x IOl lXil
l.tX;) _UIU _ .... rr x Iol tY;1Y; ~_Jlo' ._ .oo2 I ax lollx,1 .X; IUU - nua x 1o,IY;I .y;.i. UOIlO - ~OOIU x ':llX;1
XI - I " '" _ U U I x lol lY,'
101 (Y,l - s.~nl - .111001 x "' I IX,)
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4..•~:, Spiked .Sam pl: .. ,:
. Tablc .i.4 .bo~1 thmt ror bfll.:ul o~oe I lld te~th iulOD t he Iplked.J6lnplu yield ';aliln dO\
Ito t.~e..~~~ ted Ind. Thll Ci ll b, Ill t~rpfeted'" tbe ~l1intio~ or It(;lent Ind erreeth e u.m ple
-. prepalltiOIlPl~edll."" pri~r tO det.et lnI6ybidd'lte!dute IDthe/ , bet, toty, On IlIe " llIet bl1ld,
• Ihe del.rted levels ror dleumbl lIe IlqltieJtl, loIn IOd ro.' pldorl m tb e, lie all ninel nll,
bllb .1f Ibna 'I~ ex~te~ levels e r del«tl~\ TbillmllYmean lhal tbe dk . mbll IUIII~, I f.e .
ullderu timattd b~ mon tb. t b. Ihh d ove" ,atn, ~od Ihal the pieloum tll lllt, m' y b.
ov,r~t_I~ .ted , FOld l" bl , bexl ,lnooe d t.blltbluIOI , .tlie",111111atm.". ,p iked1Olllll mptel ,
.T~I. 4-1'1 60,76,00 I: 115 hrccllt Dilappeara.oee Tima. For '
FouSelecte(l Hubleldee .





""II...\ln c... . .-
....b " , qIb . ..Un· ... 10. 1 ~
~ ---:-::. - b - -;;- --..-- -.-,-








hun" qIl. • ••• 1.. . ao1
: ~:::::..~-::: ,~ y y .: s;-
t tknhroi- - -",. I ," IN : I
'hl.... 1. 1 O ~\ ' I . 2111
.' . .......04 &1....., . J
- tVu .. kU .r ,*,In bpMhU ,tf ••nu• •
.. • . .....,.lIo. n tn In • \I. .. , .. ....,...11' .,"u••, . ...1. ...
• • ' "" 00"'''' \0 ~. ruu" "u e.oo .. ,. ; nl, nhOl dUb Ut ' ....
" 'h lI•. _ .
a ••1.." \I I' "" laiUd , ·,.,lInU...
• ••1n " U 'U I r U d " • • •• '.1I -.~ •
1.., 11 , .,104• • .
(hom!aneoul) Itau,11T tend k.below,r tbaa thOMlampln which wert ,piked ~it b • IlDlle . pot ,
pia(" III the cn ler or it. mw (bettlOlfboll.l, 001 iIl.ttrpre~lloD. or Ibll patterD Ietba t I~ Is."
quite poMible tba l, ,.be a preplUilll tbe toil l .:mpl" tor all.qt~, the laboratori" did aot. mix tbe
fOilsu 1/;~ilormly u pou ible. Thill paHera II re¥ened lor pidoram (bomo&ecteo1ll' >
beterOlelloul) whk-II mat" 00'1 tblak tbat tbe ,pot ,amp~ wt:recomJlO'tldo'f:'.ruter qU iatit, t"~
~ 071011tbat wu Dot eoatamiUlM witb pid oram. Tblt coald be aa iadlcatioa of a fOilaot w~1I
, . '
mixed or ot a cbemlcal ,tfo ally bollad to 'fr)' lew 1011 plUlld et. ,Table .... below, don Dot ,how
::j:::::1:~~:t~:~, ~~:e~:o~:~::eo:: :::::I:::~(;::b;;,:~ f~a:: ~~:~: muu'
bomoJ,ntoVi aod betnoleaOut 'u !U" cllao," Irom 5 to IG to 18 \0 24 % tor tebut llluf.OD,}
dic..mba, bexali ao1leaDd pldoram, ,"peetluly. Intbe tiaal ualylls thlt "!"Y IUUett thai all t be









:::: ::::.: ::~t::~~;·.;:::A:~:~ ·~:;'hl". 1011 1..,r." " 0' , ,k."
It ,hlh .. toU . U. 1,lh ..h U. , ' 1I ,~ I' ,I"U•• lIor
\h ... 11 ... U • , ... ,rl' II .., •• 11,. on II Un ,1 ..4 ..
'h foU . ,he•• 11 ' 0' . -Sl.' nil .on", Uull, ...104•
I.U • IOU .pe' .,Ihlll .st) ' ..Utl•• I. C.'''~''-.II''. hu 11_. 10""
' ~- :::; t:I:O:: ::.'~:\~~:;::':;::.~':.~:: U"" I ~' loutll "-
Irr •••U.Uo. I h n < 0.01 Pfl , , .." n ... , N d . h ..u -<lotll"4•
.~ .~ : :::::.::~":~:::!~:~t;.;.:;:.::~: ."~~et...
of.
4.7', ftaw Arid Transrormed "Data
. '
.>
T.~" .,-8. 4·7, 4·8 ~Qd,•.g, (pain, 8l , 83, 85 ."~ 87) P~llt ill ,un columns, r~r. nch"
boriloll of the rOllf Itlec t.cdhtrb lcldtt , the rnulls as d.K.ibtd io S \l bm:tlo ~ 4.•.4, palt Tn. Tht ·
. lxth column, 'H o,llatl m&A,Perent o r Tolal ml' , Ilyu li&urn du c,iblnl tbe disu il'Ullnn ,,'
rnidueawltb.lll'tbe profile for tbe 'P;tclfied u,lllpl. pollll; the.e u l"u add up 10 100 %. The
,eyuth cohlmll. ·p" ,tlIt OrTotal Applied Herbicide· . prellf!lIl1 tbe ruld"u d~tccled fllr u th
, borlloa .~d ro; 'di' '-ampled 'oil prome all . whol' (i.,. :'Tot abj, as a Ptrtea,ta~e of,·lh. olil inal
Im o"a\ of herblcld. ap plied to the lOiI,,urbce. Thl' ladicl ltl lh. betbldde', pefllslentt; the.e
yalue, Iho~ld add up to Ie.. 't bl ll 100 ,,: The perttllt of ~b, I pplled b~tbkid, In co~n fiJI! t?r
.'t b. millerillborllolll (A. to CJ II ',~'O ItPftllf!Dtlt1Y'ot llr.tt'1ierblclde wbich b~ ltac'fed tl om Ih~R
lurlace 'LF borlloll. Table 4-6, pltl.a\.t t be ". data tor lbe 2,4-0 wbleb bu aot II<!tD ne d ._ ;.
be<."••al tb. u llllOol lly eooo pale 46." ...: ,,-' ~
' .~:.). .. :-.
.. . ' . "
" , ~ - , . ~ .
, " ,
:..,: .:. 80':-· · ·· · ... ;
Tabl • .:i sl ..} ..~ ~t,idUts.:- R~.d:t.ta"iD.~lr~. ~~~l]]j~ll
" , ';.














~ : ,'. 001
: "0.0 ". ~
'.. '10 '
11.010
" u.....J.. hi .
" , •• 11.... . ' •






, .." h :
, " ",,"
u.....J.. ~.. ,1'J
: ~>; ·~:::i;t. ,_'l~
U~TI . ' ; .1U1 -. L- -:- ~~ATI;:14
Ar.: .011 I " I.E: -'
It' l . 0tT -, I ', iii. , '
' Bel ,' 0 . 0 ~, J lie :
CI .'i ' , 0.0 ' . I C:
, .."II i • ,; . I II l ... , 1~a1,~:
I ~~ OJoT: .It
" .000 , U I
0 .0 I I.E:
' . 001 I 1iI: -
II!O I lie : · "




.0111 I U :
.~ : ::
' 0.0, I . K :
:: '-'i'" 5roh~~;






. : » 1,~a1t:
'.' .
'-, :.,
•• EI, r.., • •I1•• , h .II ' lIOrruco.r.,. ' uonrl .
••.Ic.· L.M..r.o'ltt . l. ·lOl U lt. I., ·,., "
'1;., .• u' ;"UlndJ.:,.. II' ,,· ,... n, " .....' ~·I 10.4•.
,, '.:. 'f












:.. ~ .. .' , "
'Af: 24 ' ; .
..: ~.. . ::L ::~~:: - '::: If:::
: ; .r , .,, :: :: :::~::: .01" .:::
e . . n II '.0+22.' .... ,.,
tot U , ' n l it • .• . 1. 12 ' 41.0
~:: ', i 4"
~t: - .. ',::' .\c::: .:::.
~'::~{
. 11' . 1'
. .n
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·
' . N.Y: .. ~ " . .. -.
11:' . ~,. • •~Itt!",.tI
' .AE: y., " ,1- 1' .e-
V , . U ' &I 11. ....12 . . IS
Ie : I' .» ' .1-11.' .01C, , 'II ' .0-1'.' ' .0.1







. : , ~I ~






" 1' "" " _'-",' " ,.;. "
U) (2) (a)
1.... ..rll.. I1Io....J.. ' ••
nilan.r'''''U.1 a.. 14...
(•• 1 (I.) (ca) (".:11
~Ij
U~f;
'" , .. ' .1·17 .1 .n ... 100 .0
",
·
.. 1.0-14 . 4 I .' : ' .1 :::::M '
"
.. 1~.7·24 .1 . :<1 • ..
K ,
"
.. 10.1- 20.0 ..•. 0;0 I "e,
"







U 1...'t.• ,,, 100.0
",
·
.. 1~~2 ,b. e.e ...M '
"
.. . b l . • .e e.a .
K ,
"
.. . 10. 2- n •• ;:::' .. .. 0.0" :'e, : .u 4.11-11.0 ... e.elOTAU: , U .•03 1.1 ' 100 .0
DAT ,." - ' , 1
U' ~. , U 1.0,.11 . 1
." .. 100.0 ...
", 1041 1.0-10.' ..•. ... .. ..
: ;. 2t u 11.'1~U.2 ..•. ... A' ..· . 0 .•• •.. e.e .. ..c:" .
.: "'12:< . ... .. . 11.0llIUU: •N ... ; 100 .0 ...
"""''''' .0•• tr ... ...l t" t ' ·.etrr ..' •• lo.,.co.. ,III . .
. . ...u ..,".•tl.o'o1., ~.. I .,,. , I•• \. h.J"l .
(. , llt l,uUlo' IOU' h,••• t II' t. or" <In ,Itel (eol .... II .
I . 'lIV,, -11 "1_ CI) I n ' ''' 10111' U • "fe lu.r ·u I .... (')', "Ial
,..a.o'l1., U, ,.,)1..<1. ', tohlho <I1."l,lhUn " l U l l , .. '1'01110. •!-- . '....I.U.,...,...M1d • •dt . ,,11" n u , ",• ., ' .1 tah. IOU.. h" "I .. ,.
:::"~1:;,~::: -::.;:~.:::~ :: :::i',:::~::.~;~:~ ~r 'N1Mil:
..I.. 1m (1I",nUon1 10" .Ii'~L" U',.". , " . , GGIIlIJ. n,..
.......... • U : ' u hU• • • • ,. I . ,.Un',1 LP. II . t . 1. 1. ' . oU.; ... ' • .• •
t : If. ft.' . •.•. •au.; Ie. I'.'. l. O• .• •nl; 1:• • •• +. 1;'+, .oal.
• • ,..Ii h ••, ,II,UII" .. a,h. , " ~ " " ' , .
.a.'. I k..'" •• < 1.01 " • • UaUol • •uo,I..(O;OI· n l ) .
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•• 1:1:,...... 01 • ''1., d . '' ' u ll ..... 10' C." .CU' to. ,.con.hl . : ,. .
:': ~:::~ :;::nE ::i; :~:;:~;: : :::J:::::::::t::·~:!:1~H:·~:~~· .· ' ·
... . -:-- - r : - .....t., ' " . "lId"·. roh,t.. 'h, . thU.. d Uta n. ,"fllt. .
• • a· .,.o1.1•.,1 ... 'iU.nl 'I ..100)-I-..u.'I- I.a..... . lu ta . 2•• '.
(lR . n ) -<II1... . • . .
•" U•••••h ..'-.,I• .a •.,..• .., ... h • .t"ll' •• t .., .
• . • • 1I " 'h ". f.r• U , . ..... '" hUn f"".. , , .
. I •••1. ~io 11••U••••, .oon.1faNo' ''''or 1''''' 1.0' Ntl,,,'). . '.
. . lOt., Jill., (h' " ...1 I.U. ••" ,. to..... ,. ' r•• ' ...... CUIlIJ. n . .. II '
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" ' 1: ,-1. f ' h'khl'u COIt1~.... .
OAf , lO
U' , .. ... .. '.0-21 .0 .21 .00· 1452.' " .1 ' UI."
.e- ... .. 0.0-"." ..•, ~ ... · 0.0 ..
"
.. •.•·so.• .07" 2~~ I .• , .~
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U1TAU: 81, 111 :n .07 1412•• 100;0 141. 18
~. · UT: 'U11:' . .. . ...1• •2 .20· ' ':t: ".1 14.'0n , Il . 41 ."10.' . ,., I."" ." " .. 12.1~aO ••• .D · 1Ofi1" 12.1 10. n." " .. 10.1- 1'. ' ..•. e.e .. ...e, to
"
' .Q-211 .0 ..•. 0.0 ' .. ...
totw: 41 , 111 , " .n 171. ' 100.0 1f .1t
• • tq, ....... . Iro" ... d .U "do .... C6. rU1.td to r ,.en.,lI o, ;
• • rU in " ot \O\tl II ., 1'..1. . .. '''P u,,,' 01 • 41'7 , ot, u , ..II .,. ~oh..
. '" ' 'h _"dUd""U h,•• •1 i . I I•••• ' &U. I n t U ok (col..~ 1) .
"'-,f ' ' i e- ro. 11 col (I) Iq u u.4 "'" , IU'" " o hM! (I)' , k h l
• " ", '"-hi Iol • • • lo U .. 4i1 tr lhU•• I t."U I "" ,nUll . ' . . -
. • • '·U- (l •. I-<lI..UJ1.l'Jl)~1 . " ' -" lull , I-2-, n l ,
"'.-,U••U, lu .. . " U •••• ' .
U, . rot. ,,' .... 11:~. ol • •t h l .hl rtd h •• •
, •• _ 11 " , 110' nrrtou' ' or . U r " r'"'~ 'I11UOI " .I.I! ' _ '- \ :
,_.-t.' . U I . 1... 11 .dl,", '., lor• • l ," " 01 . .... U ' lI"uto, I'{ft,O'I.
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Pttplte ..d~lF: or:xper~e~tll ,~ab'in ' aDd '.ome ·aD~alb::~:~I:~·~-;t1ld .~~;..~
tbe obJeetlYdortbe tbeell, there c1earl1 ¥e'lali~ POIatll to be made. .
.'1.: , '. ' \ . ~ . . •
'-:1:~:::r::t:;~:'I:~t~~~a:~b~:~I~rkrLFr:~~lio";:~e~b~!i:::;::lceio'II;;;'. \
2. The actin proe_ or.Ilerbid d. Ieachllll, hidiu.1edb thv atti!ro wbieh reprelnu the '
. dllp.laeement prGCettwhere ' a1ue. of th.lower horilo (Bt, Be aDdC) iocreue u
, the ...llIeeof tbe o~ptr bOlllon (LF.Ae ud Dr)deere The arborilOD fils Illoo \
.. =~~:I:::r~.:aQ~dr a~~~:r~~ d~:J.~ :ril~ &~a::we t~~~~'imeDt it btlolli' \ .
3. Theproe", ,r pOdiOUlltloDlelill" upO' tbe herbicides ... .u d withl12.tura!l!Itl.llle \, '
tompouodl U IhoWI hi the tudeoc)' fottlle nhlt. 01the At bo 1011 to be lese,thaD-
tbOleo'tbeBtlioriloll. . \ . • ..















Tho fioal chaptet, will'bel io with a brief d i&c~esioll of berbidde dlalppt llfallce from aoil.
cllmparilll aDd coatruliOI the DT' of other ,tudiea followed by a di&cuu itin of eeme lIerbi~ide-
.\_ao.!l/sl\~~~ ;e lat~ubiP' that exist aadhow t h~7 may fit.,iototb~ I tudy. Nut willbe a ';4.
dilc:uesioll of p~oblen:, cacollDtered aIId idelltil'ieddUfloi tbe eo,!"e or ~b~ experlmeet, bo.. tbey'
.erred the dat a and whether or Dot they could becorreeltd,!~~. TbI!~uea t ioo ~f herbicide
behaviour ill eoil hu implicatioll, 'ror fOf~t maoalemeotwbieb i! examined io the Sec tio o ,-- ~-~- .....-·
, . I". ' ' .. ' , , '
• ·.He rbidde ·U~ AIel Fot~at MaUlemellt r , The,latt er Seelioo eod, with ~ ReeornmeDdatioo•
. Soweetiol1whicbu prescriptiVei'oalyle ! ll. te ~dial pre;eDbtive muaur~ o~ behalr oraociety,:~
loll, term iotele!~11 protecti~& ' the quality or our bOfUl eD' irO llmeO~ all.d impr~villl.Call.ad a'l
for~~ re~Ufeel. The:-cl)ll~; ~ctiOll follolYl .. ith a.BU n;rmary or u 'ptr imeobl rfl ulls aD.d r~,u r
~tt ,---~r~'.:..'~~~y~._;)
I' • "
\.....-/ ' 5 .2': Dleeu eelon
i.The mllnitude or herbicide ptrabtao ce hMbeen . ho! , 'in" l)" from .tudy to d udy.
i " " ' " "Coloddelltly , aulboritlea u o ulu.lly filld ItudlH whleh confimi their owo eomputed DT. , Mall)'_
fieldIi tudits I~e It ill required 10 order to de,~lop some IOrtof di... ~-pearao(e tedex ,.-blth would .
, I " , ' •rep~~~eDt 111, mOlt or key tII,ironmtllu i~ which herbid dH are uu d. .The expeeted DTI (baltd
011 t~e Il1lt l" (ooteDhllt loD. ppUd ) aod tbe obte"d 01', (butd 011 the maximum COIICt lltfl llo11
ddefted) are brltfly compare~ a.ndcotl1rut ed ~ith tbe rilldillil or other allthorillea 10the
rollowllli paralr apbl ' .
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r,om North Caroti n (ibid:. p.370). T he caJculakd OTn l of O.~ aDd 1.11: mODtbl at~ witbia the
la Dle of ltil thall 2 motlths u elted by KUIDey eclit. {IDeO, p,(30) .
It is iattrntiol to DO~ tb.t the ~lItatio Rnulcb FouodatioD, uaderc~lI traet with Vtl!ic~1
Cb; micail, detec ted 2,4-0 ODaUor t be nmple day•. 10 their rtpor ta of diea mba residues illtoil
tbey did Dot quaatilylbe amonla of 2,4-0 detected , but Dokd tbat there were deteetable
amOQDUup to aDd iodu dial da)' 486 . T he DyClccl 24 prod~d ball a ~,"'D <;UlIUlII' 01 400
II ams/l itre l ad a dicamb. cootellt of Zoo , rama/lUr e, both prca'cDt as I dime tbylamillc n it of
:whkb t be'dkamba appllca tioli was 1.11tl/ba or active iDI~ediut . If il hi:u::ccpttd tba t 2....0 is a
co:~qDd or the abort-lived · mobility elau wo,(Helliol, 1971, p.738), with a:,~T~o of I~ tba ll 1
mODI," [cited ill: KJillimaD &.ad AthtoD~ 107&, p.76;' Hamaker, 11172, P.~I),.tbeD wbr ill, Ib ~re alill
deteetable . mollott er Zj4-D ill Ibe dkamh Ireated &Oilll,' . fler 486 dayll! Th e rlh~ PGNibilily that
cOlOrs to miad ill tha t ~be d iffereot 1D0ieculIU(ormul. Iiolls (~~., tow 1'ol.ti le bUIol)' d hy l esttr
IItT1ll1 dimetbylamiae n Il ) may be • ais airleaot tactor (Bailey aad Whitt , 11l70, pp,43-HI.
Seeoad, Ibtl t be presence o r olber ,compounds (,'.t" dieamba) may be . Iiso·irk allt tactor : •
Iyo~ rsillm eo.u ld po~ ib1y be ill~ol,ed (H:unill d d " H172; Mo'rrill d iii" 11182, PP .t7 ....176). Third ,
__ _ _~__~~!.!!~!a_~~~p~i~a~i?_~.c~u!,!.~ _!i,_~ir~~~ (!:I~aker_~ ~~ ! !~;!oJ'?.!!' .~a_d~~~~ .~ ~ _
Heeee aad McKoae, 11171). Tllcre (o r~, it may be nucsted that , ,i1'ea Ihe ioitial eOllc e ll~rldoo
l ad the dimatic IIId edapbic eODditiolll, the 2,4-D as a dimdbylamiat ult applie~ ia a \
tormutat ioa, whkb iDdlld~ di~_,mba, shoald peniat ia th e DyCleer 241 reat ed soil. Tbis Ibea
le~1 to the eoallidera lioD ot (urlber atudy iDYeatis.tio&t be beb'iour or eeleeted eompouodl
"imu ltaoeoUllly used ill Mreallor ellu .
. 'HEXAZINONE: T he e ~tcu lated Dr~1!J or .. aad 6 mOlllbll comp are well wall t ho Df.sol o(
_ ~ Rbodl!l!J (or two of t bree sit es (11180. p.313) but sba rply cootusl witb the DT 50' of ~UOI (11182,
p,21). Rhodes (l ilia, p .3 13) ,c at~u lated OT$IIae r 3 to 4, 6 to 7 .od 1010 12 mODlbi tor three
diftereot lilt loam soils io m illoill, D~lawa~ .od MiMillippi, respectivel y, SUO&,(11182, p.21)
e~l(ldated DT&oaof 1m tb." 4 w~eb fOJ111'0 soils '(loamy saId ud a uady day loam) III
Alabama ucl. at . low aDd hi, h rate or applica lioll, 2 II.Q~ 4 t, a.i./ hl .
It iIllurprlailll , lhat .t all spp licatloDra.te eleYl!Drold Irnter than the ,ulg~lted. mu imum,
lhe iOlerpollted DT"I illo t his Iludy ee eeur wit~ tbose ot Rhod~~ fo r the lItioois l ad De laware
aite. ht, aot with Suo, ', AI. bama aitea 1I0r Rhodn' Miuwippi ait e. Furlbermore, th ere lsa 0.11
mooth disc:repaoty berweee SUIli:'ar" ulll tor AI.b'3ma aDd Rhode's rtault. tor Mlssihippl.
. .Cooliderl lli Ibat AI. bama aod MiIl.awippl ha,e .imil., d im.lie I Dd tdspbic ulimta tbis ¥l riaoce
auuntath. t further lIudy m.y be req uired. Two COllllidu itiOIll for tllrLher atudy wou ld
IDYntllalath.pe~lalcllellothu:atlDoOeltr0!91.titudloalchlllles ill limila r aoill or, irl'dil rtreot
10111at th! lI Me t~Utiide. Allother eOD~lderat ioll tor furt her lIudy would be to ex.mi oe the
beh"lour of bexuiOOll1 .1 ' cry bla ' ·r . t" ot appllcatioll, Thla lofor malloo cou ld be used to ,
, ,
"boril olll,/ - ...... , "
PIcWRAM:\ Tbe ClIlculate d DTaol of 7 1nd 16 daYI are not ve". dittereat from tbe DT eo
01 15 dl yl reported tor tb ree Boila (Faooia clay loam, Cbudler nee . Iady lolm alld, Ched er
loam) in Nor t b Clllo'i~a, a: two ~~plic: ltion ute. (2.24 amd 4048k, /bal lLuti d al. , 1~7.1, p.~87),
la addillon, LIl~1 (i6:et,j rt~rted a DT0001 100 day. whicb Illb ~ Ion to t be npptorlimit ~, t be
ealculakd DT eo' 0165 aad 110 d ay•. Heweeer, Alto m Iud StTi~lh (1Q73, p.6r;~1 reported that It
the elld 01100 day. tram 63 to 77 %or the oril inl cODceahatloll remained ill the tbr ee lOila'
• tested Irom" o:ell aad ~r~lalld ia Oklahoma, Thy elore, il 100 daYI Is required tor a DTu~ ,
DT
n
, thea it ClIObe dedu.ced thllt a DTIO wiUtake 1001" tbau lOOdlya uuder the couditlonl ~l
forth ia Oklahoma. ,Meikle et 111. (1073,p.562) presented the decompolled pidora m .. a perceat or
the appliedeOflceot ;a tloll faTa .ariety of lOila (day , cia, loam , loam a.od'..ody loam) (tom
Te nll, Ca!ifornla.od Mexico, a~d indicated a wide rao&e or ..lutl tor th e 4,2.1day pericd. FOT
this pl!riod, percenta lI' 01applied eODfeatutioDtliat dilJIPpel,red raDleil Irom 16 % (loam,
CaliforDla), ee %(llady loam, TtirlllJ..73 % (d ar, T ela. ), 89 % (~I~y lo am, ~u..), 00 %(laad Y,
loam , Me:r:k~) throulh to ~4% (Iolm ~ Ca litnrala),
approximateJ,. ~2 %at the, talal per u.mple period (T able 4-8, pal e 87, co luma . ix, with a mean
'\ --th iekD~01~ cm), The halaDceof relidllea detected are found in tbe~maia fll' lour mIneraI. .
reprtstll\ • Imall point lOOn-III aed du t oyer I IOU I11rtac:e: RCludleu, tbe bottom liue dict.te l
\ .
t~at ootil an adequate base~t1? ~to rmatio Ci iI.n il,b lt, it /.IeMutiaJ till t uu ra atr k Uy
adbere to tbe mlllluf,dluer', diredwuI lor their proper lise, lodced, it ia a coolrueat loll or t be •
federal Ptat 'Co lltrol Prod ocll Act to use thtH producu onder ulll&!'e cond itioDI(E&"ir olln{cDtai
Ptotcd ioo Se"kc, 1085, p.2~ . - --- Q ,
TEBlII1IlU RON: Tb~Duly calculable dia~ppeuallce time pouible ia b~ ,Oil.the' " \
mu..imum ama uol detec ted , t the 60 %IC'Fei (DTfrO - 10 mUlltb ). At tbe olletime appUcatio ll *"
r~te all the ca lculated Y~l u et ~aU ? uteidc tb e rU le 01 li vea dat a lod tbu d Ole, tbe OTH b.. Ill. \ .
iudetc rmilltte upper limit arcater t b.1l HI moath. The calculated DTso or apPJO:dmatcly 10
mOIlLha to 16 mouth. dcl'illrl a , aDl c larle CIlOUl b to iDd udc tb e 12-15mOllthhair lire ill . rc...
r~eiyinl l00t0 ISOcm D.llD,aal l'&!DbU (Elall~JftbnictJ report, p.3). Th e report It~ tbat tbe
h:a1llife il coDsiderablYlrel uria 10" raiarall are" udiD~ilh orlallic 50ible,a:rdleaaol'lilltlll
(i6id .I,"As tbe totll precipitlt ioll relime Is comparlble Co that ot u atral Newlolla'dll ad (nt
d irnllle, pal e 7) it would aot be uarulilJ~ic to thiak th at lhe majority of DT. outside the lanle or
YlIUetUnec't.a the 10DIer ball life of r~iduea remli~~1 ia tbe bi,h ly or':J;lIic LF1ayer.' 0 1the
_ _ _ _ ~'=~"'iduet d etec ted ill the 'jyehorh:o ll~ ~.~~_'~~~~.:. _~horh:oll acc oull t tor
I .S.S. H. ,bl eld. a CUm,tlc /Edaph le Rela Uozu hlp.
. .
nis.ltudy Ia.. bro' lb t lortll I Illumhr, 01relat"'hi·p. betWHII b~rbidd~ ud IOiJ I,.wm•.
Alt'o l , b tbne relat iol . llipa are ItO\.oN, iall dilco'u"", tbq are " lal iollibip. _ hicb require
...Udatic. iO~b"bicid e 11M lil a eoId, moilt bo:eal e-1I.~ameot. Ia tbe-put tben ban .bf'.ra
rel~,!, elt lew quatitltr.e n:~rimeat. with be,bicidtl ia Cuada'i boreal.~~t.. ne folio_ie,
d ilc'N ioa Jlot nit ulid'WllOrne01 the ol ilet berhidde ,"",an:b bat addl , . Il. , J ilItorr,patiol oa
e-xperirne~ taJ dtlill ":b~b ill pert illrllt to all r.,1d . t , dirl of berbkid_l iatelad iolli .
Ooe of the mlllY rel, tioDlbipaclearly elucida ted by tb it Itudy is tillt berblcide pertlbteDCe is ~
. tll. ene ly rela~ to l ime. ~TbQI. tbrae orlillil: compon d. do disappear (mrtaboliu, ,ol~t i.li lr,
lel( 'h' ..ad de,rade ))"i tb tbe p...illl or time. Four oftbe Klrcted bubi.idrl' timMleprDdaat
rel. lioll. hi", Ire_d~~jbed by .two Ile, ali.e fe,reuioll IIIOdeb: eee islin ur &lidtbe-~tlle, it ,
npollrutial. Tbe ,rl pb. ill F llu r,rI " l~ tbroulb "' 18, pa,ct 70 tbrou,b 73, adcqllltely exemplil'y
thil relatiofl.b ip, ·Tbls ilil ot • •imple rr laiioll&hip brcau5f thue art mallYmceba llllllll lflvol, td
illltile dialipatioDor berbicidct. However, time don nprnellt tbe de,radatioa or hall-life illbereat
ifla n ml lU iab,
The Clicu tat~ DT. are DO~ n b3ta llliaJJl I rea lrt ill a 1I0ri.bera boreal po<h ol t llaDthe 'bTI'-
,om pllted by olher utborlti~ at more aoutberD. I!"tittdct , Ooe woald l u ped tht witb low
temperl tarn _ iaWdwitb bolnl ~illten nd d«r~~ actpj t, of lOiImirrobtota tb~re wot ld
be lea herbicidedr , radatlol ud bu ce-,tuwr brrb kide ptniltraet : 1Dfaet. the DT. of th is
Ittd~ .1« ltv tblD IOlIIe, co;pauble lI"ltlr othen, alld Irea;c, thlD tbe DTI 0; tbose Itlldie3
r". ir';'~ iD,Chapter 2. ntrefore, l"e re-it DO.~DcllII",t eyidt llee lIu"~, a dir,.,t ma t ioa.bip
bet_era tbe re~ atinl1 ~111 willwn or ao, th'TII, b.l it ldrlaDdilc '-e~ berbicide persi!tta 't.
The 1o_ d ay cOIWl1 of tb, IlOIIa [see Appeadu I.pa" 137), may be:,ofrleint to arrftt
- " ~torPt lol , HowCfer, la thil; cue where thre i! Ii reb lin absellu of c lar lIIiDerals, adlOrpt io. is
'probably Irnter I~ . oilaw it~ hil llor, aaic maUer , oawllt tha. ifl thote toill ll"lth lill ie or,a~ ic · .
maUn. ne IF aD1l ~r "orllo ll. b't both bi,her or,nle matwr ' ODUI ' n d , n erally , rnttl
bn blelde ,et ldue eODtut tbaa the Ae, BC or C ~OritOII . If or, lIk,ma uer 'b aot crucial for '
IOlptlOll lo tate place thell the At layer , which liu .bote the Br horb ofl, .bould ,urrally ban .
mOil ' ralduel tllao the deeper a r Ilorilo l . However, it baa k ea . howlI that tbe A~ Iay,r mo.; •
oru ll bu lower ,nldue ,ollcro ~r"lolll t he Drboriloa, Helice, there muit bea dirtc ' positive
rrl .t1~ II.hlp betWei:1 berblclde dbtllb utiob alld 'Ota n ic matt er dislrlbut ioll IIIt be . oil.
Tbe pedolell!c ptOCeMor podl~li;atiol dd iDite!: IlnuellcC:1 the diltr lhlltiOIior berbleidn III
lOiI: Theretoll , It 'll 1I0t uarnlil tk to ' UlpeCt tbat , erlalD pN.Olellle proem f1ll , W~i~la 'lanunfe .
t1,~ dnclopmelltor olber ~il typct, would abo fDnuuet bt rbkide dil triblltioa ia t laDiepar tk llar
lOiI• . n . pcdo,nlc proceMtSactin Ladirrrrn t c1inu Ue ai d " , phle:ell' it~~'mnl.l cOl t rol, to "
"I,
i \, 04 _
Yary i ll~ d;grm , the seeumUb.tio~ ., deiad~tioll and mo~emeat ~r 'Oil~":I.lIie ma~lials . , .
t b"trefort , ~a~ similarly lerteeeee herb'id.:le ae:eumulatioll. de&r:llla;ioli eed movement. IIIa lKaliit'
soib under dr)' eond itiolls ~try liTited vertinl ,moY~me.lI.t is likely. lIowe,!, e~. under n ry moist or
ULulat ed cOllditioll! herbicide movtmlllt would be ,re ater . The pedol eoi': proem" which •
!.lInuell~e ' he l~tiiile ~iI,tribll li~~, probably faU illt~i~. -c135S limited to tb~e proctsSu ill wbic;hwatu
is the pr imal')' cablyst, tor lI.~t :Y:l.tio f!. The sa me c1w ....bic~. ill herbicide mcv emee t tclmi llolou,
is ,ct~rrtd to~ the Ii~ uid" ph:uc '35 cppesed to mO!\mcDt ill the I L'lCO"'Spb~e.
The DT. vary bclweeDn eb be,'bidde. which m:~)' rencc\ the different applic:l.tion rates
(especially tha t or.hex:uillOOe) and h~....l~e IOdividual,ehemieal ehal3 cterblies or n ch compoulld
rncl to lhe hiophYllnl ebemieal cha ract erisliu or the\pod~ol. However, if all five plots with in
the lite ale or the eameeell poplll3tion, I~bjte'led to th~lame ~limatie events, theo dlssll'llilarill;.
io p.ersisteoce a;e more l ik~ b' Lliu es;1I1t or the diyerse IIaI.~ re of e~ch eempouad used; upt'clliU,.
siaee thret '~r tbe herbicidu wereapplied ror compara.ble etfect ive n"2,~.D, dicamba.,
be:c:idDone, lehut bluron and picloram helonl to the r9110wiog chcmical l touPs: chlotopheno~1, .
dib~IObe~~oiC, ly mmdrica.1 tr iazine. ;1~bst~Lu ted urea ~nd P;"I.idi~ acid, te!pt'ctl~,eI1 : II ap~e:lrs -:
~;::; tb.. "",,'.ml,,1,..,,~T""m,,:,."tt,,_th~~"m', Ihei ...".".".
" ',Z,3. Err on ' I Ii ' f'-
D.oling the earl,. ana lys], or thie results, an error was det~cted whieti bad 10b; accounted,
. • , I ' .'
',Thia error, t he l esult or a numbcr o~ conditiou, maDirested ils~ lr I.t"ullle~ cxccedinl lOO%or the
application rate (coloma,i1even, Tlbl~1 ~-6. 4.V). F~t.50m~ of Lb.elc ractor! , it was fOslible lo
dete rmine a fl\eMure lor corte~ tiog rel ul t~whic:h were then ineorporat ed into t he complIl:l.tiou.
:However. ror the rem3i~iDI r:letotl Jbi!o.,WM eitber nn; possible o~ ptae licable . An e13ml03tion or
figurn ip 'eolumn ~e ~e~~'r~bll!l 4-6 ~nd ~.V," pagel 8". 87 Ihow IOmevai :;; . rutet t han 100 %,
" wbleh indieate th at io irie or tbeee inaetcfmi nab,lyvJiant c~nd it ion , are 'l t;nhr-;rt;e-; "Detection
. In eb in exces, 'or tbe/aPplication ' t~tel occu~ ~n .d~.Y;6 and 10 to;di~amba, and on d3ya ~" II, i2,
6t In d310 'ror tebu thiuron. 'For the' rollowing di!eu!sion itltlmportlnttotlOtetbat3t1hut eee
or these snell bigh J31ues oeeur In t he' LF bor izon. The one e~c eption otcur. In the ar horlzoll on
,'dar 6 ror djJamhD,/,1~n''ItJ:en. T able 4.~, page 81, showl \b at 118 %or the to t al3Pplied
herbicide Will dete ftcd Oll that da,. If the Br layer whleb eoiod dently, h31 th~ lC'cond hlghett
. /' mea.lI ~rganit ea rr o content or the ~v e horizoM sampled (Of borltoll:! - 6.0 %,II - 12, range
- U ·P.l %1. Th e anomaloua eYeDt' or 10 ext reme vallie III the Br lar et may add furth er to the
arl ument of a rt lalloDibip betwe~D ,t~ e orlanlc 1011mate rJalllld otg,nle herbicide. , Tbe
~oDd ILlon'. w~lci may le~ to,elton , nd whe ther or oot th~y were det~ "nilla bl~, aod tb! rerorJ
· '~"'''''''T th· ''''" ' ·'~·~r' " "
, ." .~
I. Herbicide overl3.p along sp ray swat hs (see f igure 3- 1, page 39). Indetn-m inable.
2. Inap propria te her bicide applicator [see fig ure 3-2, -10). Indetn-mi nable.
3. Dilutio n/concentrat ion problems due to umpling design. Indeterm inable.
i . Dilutio n/concent rat ion problems due to u rnpiing equip ment. Nom inally
determ inable.
5. Redu ct ion in plot areas due to configuratio n of plots and non soil su rf3C~ .. it hin
experime ntal areas [see Figur~ i· 1 and 5-1, pages 50 and 95). Detn-mi nable.
6. T he mislead ing ass umpt ion of a uniform applicat ion due to nonun iform surface
geometry [see figure s 4- 1 and 5- 1, pages 50 and 95 ). Indeterminable.
7. Th e inabil ity of ana lyti cal laborator ies to esta blish consiste nt recovery ra tes. Lim ited
determ inabili!l1 ba"ed on laboratorie,,' rt covery re"ult".
8. Th e prob lem vf ext ra polat ing results h om 3. 10 to ·10 g ana lyt ical eubsampl e
represent a t ive of 3. larger composite samp le (600 - 1800 g fresh weight ], to an eve n
grea ter eeu mated volume of soil (10 - 359 kg; 1 m2 x X em th ick), when aample
v:u i3bility is unkn own , increases th e risk of a Type II beta erro r. Indd erm inable.
Figure 6-1z Photograph of the bexaaieoue plot , August, 198-1, showing the
nouunifc rrnity 01surface geomet ry and the eeducuo n in
plot ~ i le due to t ree st umps and rock out cro ps.
A herbicide appli cation overlap along the borders of th e spray swaths occurs beca use of t be
lnapp ropriatenesa of th e 'Solo' mist sprayer used for the ground applicatio n. Besides the normal
expec ted spray drift t here is also dr ift wbicb is compounded by t he use of th is mist spray er, Th is
overlap may be responsible (or a t wo- to four fold increase in concent ra tio n. Th e increase in
concentra tio n would affect the results because a sa mpling grid was supe rimposed ove r tbe spr3Y
swa th borders, t he arn o( herb icide overlap. Th us, th e sampled soil faces of th ese pits, ~'h ich are
al igned und er th e border of th e sp ray swaths, may hav e received two times more herbicide du ring
appl icati on and a fur ther two tim es increase ~' hen applying subseque nt swat hs.
_.- ---:--..
. ; .
Great rlto~t wu put ioto bec~miDII"llJ~ :it llJ,;,a till&aad clllibratilll lilt 'Soia' mist
, prayer used til' the h~'bkide appiin,tloD . NOlletb~le58 , all UOhOWD 'loc;elUc ill herbicide
• --- e'Ollccll trat ioDwould ceeur itthre is a brld dela1'lo the arm mov~me~t at th~elldpohltl or the
.' ar c' pat b 'fl'hcn ap plyiostbe herbicidebM·" aod ror lb .~ro~tbe ~p; a.r'lwltb . . .
10 ('3(!l of three piLl!, thr ttnmplibl units were elCtr~c~d t~ ~olliribli te to t b~ eonlpo;ite"
nmple of Iliac: TIIOIl&hthe 'folll~n of theH aampliDI ulllts were eollaistellt, their,. paUal
, distribu tioll luded to " .Tl ~etaUlt or the DOQuolformlty of ~oriroD thicknrQ a1Idform: With 11»
%0; tbe herbicide appliedto tb~ I IO,l.llld 'III IK( , dilution or tilt cQmpoulldiut reuc:s with
increuioldeptb'. ;For tnn'iple, it tbe ete e ..mplin.!:unit.lldrawo from tile LF' horizoo I re
~ompoaed qf 6') % 'of the to p layer ~lt h given arnl i1imeo!ioos, thfll thoae DilleU'lit.llffP re~os.a--:­
twofold ~oncflltfihoiikadin.!: to a ( omposite lampl~ whieh 'has 200,%more,berb'idJe Ihao the
applied rate woul d ~kate. :b}/~eans tbat t~e ~oniposite sample (0 ' the LFlayer ~e~u:dl,
rep,etIellta onl, balf or its t hk ;liesi . Anotber. ullm.ple Ibowa I.h l of t be ntee qoita whicb
eomprise t be eompoalte &ample, if,1x I nd three Qnita respective l, rep re,enl33 and r.o % of Ihe
top' laye'",illlllytll arnI1'(me~siollS, tb; o two' tb ird. of the eompoaiu n mple- b ye 300 % Ind
, Doe tbird bas 200 % mor/herbidde tblo a eQmflOsite aa,mpJ.fep.eHll ti1lJ1OO% of ue layn.
. ' Tb us: tb ia composi te l:l~ple would b~ve a eeeeeetrelee of app.oxi mately 266 % or Ibe applied
rate. For tbe 1~:ver ~De ~.~l laye ra tbia eeaeera ~ miti.!:ated ~y ,tbe pteeaee of t h~ o~trll; i n~ ,
horiEoD' ::lDd thedi(ferentSpp,o:u:h toumpling. Tbeefrectof the'oveflyinl borit ons illo dilute
tbe eooetn trat io/ lO that Ius than 100 %or the berbicide il applied 'to the Ae laye r.and even lei S
~ aUbequc n0 riZOlll. ': h~~. the LP l:ayet rect ivn100'% ~r tbe i.~ rbldde, tb~ Ae .'ayer iet eiv:i,
lom e ~rtellCage less thaD 100 %,tbe Bf renivea lOme peretll tale leea than Ae s ed LF horiZOn! ,
'h e Be rec: ives nen.leu than Ih; er,Ae and Lrlaym and, the ereceives coolide rably lUI than '
' BC, Bj 4.'e aDd-U~ layera. Fortuoately. the LF' boritoll Is alllo t'be mosl li~n ifieanl iayer' I~ terms"
of itsadaorplive ea p:u:ity, liy inl it a hilh ly posit in weil ht ill cOlltaioiol these herbiddu
(Cfltumll,.ti,Ta bl" ....ll thro~lh 4.0). hi 'addit iol , Ibe aamplilll 01 t he LP l:aYerII a t e.!li;;J
)'hl~lI'~PlJ fied ~uttlol throUl h teldallte matenal alld mtrlTiii1'i"td urr:u:e i1LSturbanc~Howeve r, It was IUhlequetltly fouod that the vl:rliu. 1nmphbl dId Dot maleh well wltll t hebllrilo llta l nm~llnl or the Ae th~oU I':.C.!'2!.!!01l1 The homoalal aamplinl , belnl mere aUllable
III obtainlnl a valtd e.ou I«I{OI, was accompll.llled by exlr actlol aamplel of app rollm atelr equal
- - , api eilll from(bn.l: are.. mOlt ~pre~elltadv e. of the horholl .. '.
,I . III felatioll ~ aamplinith~ ~rlallic ~Iyer alother dilutiol/eoo~elll ratloD contr~ proh lem
I
I ,rtl ults frOm aamplinl tbe malrb witb a trowel Ihat ll aa a Ilol uniform IlIape" A l:orka1l1 ahaped
tro wel eoolrlb ul" morl: sam ple' from t he wider bued KOOp area t haD It doel frOm tbe DarrOWlad ..
• / l>olot;111l llCrt ·~re a. TbuI, tbll ~rt of ..mplio~ t~l co'lIceaualel bl:rhldde III Ib~ IIm ple 1 1~ lIar











isrrrow~l utractl ~.mplea of equil deptb per sample I.Ill lt-but tbil is Dol $0 ror nrt.leal.ampl.., · If.•
. ~ . : . "
....bich cour I wide, faDle or depths . Th ol, due 't o the Wsor pt ive/d esorptlvll.imporbllce ,o f th ..
arl a.ok i, y;, • patb wu 1001111wbich would .1I"Yia~.. tb is problem. A aoluti?D,was rO~Di by
comparllll t~e approximate volume of tb e trowel (trowel WI.55elmnted to.r,a.cilitate tbe
caleula tioDH ) witb tbat Of'D ideal 01 liode, with aimilar dimrlilfoll.' (b~ilht ... 16.7-em,
"':"'-"' dioa-U6 em). Tbea the 'dirrerroet i1112.2II. 660.20 _ 452.0 eml ) Ill~olume w~ u~d as a
· ."i,hUlll r~dO; l"t %i10reduce tb~ th ickness ~r i he LF horllo D, the':b,Y ted llei ll~ the"aCfed of
· berbidde eollc..~tr.atioD:
The plota were delimited :-1,11 IIIx 20 III I Dd tbe applicatio Dwaa . pplied as ooilorm17 as .---:,
• po!.ibl~ to tbe'lr~~nd su~race with an apparent area or m mt • . Howenr, the hexninoDe aod ~
u butbiuTo plota ere rbo~bie In' ,h ap!! deereaslDr;th eir rnptetiv e areM t;lQO- and 218 ril' aDd '
thereby iocru silll Ihe rat e or applicatioll. In aadi lion.therate:o't llpplieatiollillereasesr..irlb er
wb.tll tb~ area o r bane~ted tr ee'j 'tubps a~d 'rock ouLc: ropa ~'subtraetied trom th e total area or the
plota. Dica mba r~uees froa{~ to 205 mt (3 m' ... rock oute1op +. 12 mt ..;. tr ee stu~psl; ,
hexalinone r~duees from tOO io 1116in:t(3 .mt ,.. roct +"21 m' => Itump);u but biuroD reduces
from 218 to 194 m21l ' mt _ rock + ,25 m' ... stllmp)~and picloram reduces from 220 ,kJ' 201 m'
: (I 'int "': rock + 18 m' _ . tump). T he area that th u e items COVerreduees th e .i n DCtb e plots
~ause ' I ~C spray 1~lut.~1I ~U D S ofCthe~k outC~O'PI ad tree I~U~PS iDto'tbe.grOU~~ ,
· conunlr.tinr; the IIO lut lon ~~uDd tbMe obJectl . T his siiuatio D is reinforeed by th e faet tb at :t be
. herhkide to~mulatioD was hlgbly dilut ed,(80 Iltrt l ~r wat er +'1lTr'fileide ro.r~~lat~oll _ .i1pr,ay >
I. aolution rorplol a ru ) to raeilita te a uDlrorm application tbua lu pplyin.r; ample wa te r to ll surrilee
:'\ "bleh doe~ n~t n jdi!; a~sor l; it . It mir;hlbe arr;ued that th~ t ree sl umps ~ou'd ~blo~b th e wa te ;
.~ due to the wood' , dry ness, however th e !mpenious natur e of the b~k and ~h e ,80lutlon" now
.t veloetltalonl tb , barkprnented tbis. T hus,runorr was an impor tantp,;x tla indistribu tin r;'
. berb ldde In p..r~ku[ar att.aa~ crea tiol ch~m;eal' :hot apots ' "Whicb co1!ld·silhifi e.n tly ' in~relll!e
eOlleentr at loole velsde teeted . Th lsl atter u peetornollunirorin dis~rib utioa leadato anolher
· problem. rel.o.tfd ·t-o uairorrn app lica l ion~ which is d iscuu ed ,10''h~ rollow illl.p~ar alraph. , J
A IUbdsmenlll1 anumpllob tor l oil reslduu tudies 'is that "be pt."aticide is bnirormly app lied
}O .tho ~U surrac!e, A .p' i~i to th is ls. theootloll lhat tbtlUTr~e ~'eo~~'ti~ i. a ,tr o di~onal
- pllllo 10' Iba t the applica tion is ulliCorm . Sueb . aurface may be obl ained 011leY~lites whleh
haY~ been modified to res~~ble a two dime:~lo'a:il plaee (fl ., alrieult.ural flelda ':ith li~tle or 'no
. n rlat lon In mierotopolr;lph71. Ho" tver, for rmtur alludaces tbis is Itl dom' il ever , tbt' ~ue
. ,bee. uK ttle urtb'ssarrace exists TIl~e dlm~. f hert a re rock outcrop s, trtt' ~lil~~a, .
I ' m , n ~lmtD, IoDI "1 ctRlmlnl ",lnID, .1111 ' 10... 1', t11lt l1m, ,It: I cn, .1 111 111_1.1 no! h~t_4.0I; .
II qilldtn ~llli "-0.1 no! nd ll_t.l , t .l , l .t ,·I.' , I .&,'.t, 1.1, '.0, 4.1, t .l , 4.t , U 'u o!t .l , It lp. ell,:' Iy; I •
~II D ~tr .\111III_ U . •1Id,,~I._UI uo! I (tIDt '11\'"ti'''I.' .~~ liu,. Iot . .
'os
, ,"~umm~b .'?' hoIJs,_depr~io'lls " lid .~el~ l:fi,t ll?1I 'Wbil:~ :110\ ooly uprfU tb,c"mi~r?topo&r:ipb1 bui. ,. ". . ::: ~
',~~ ~d ~\I¥q '~ih!f Ill h.i~itill~ r~tors. ~ the.~~~Pli~Il~{a U,~i(or~ applicat ion, ODei5'tbc . '
, 1I0llUlli(Oflp.ity otapplieatioo d?c to . pray .~:ldow erred ~~~. by th variation il . ..
mkloto~ir.pb)'.j't'be)pr~1~ard $5ptets cir.tb ~ tmaill re::civfmor~ .•p~~1 , ~lu tio.D t·h~1l. C~f ' - . ~
'", l_atiJ .urrae:~ ';h~e, t~~f latter ludacn ar~ tdmed tdllJ b:eilll 10the aprar.lb:l.dow. loolhil:"
~tikb' t'e .Ptll)',o'lu t ioo rf :U: b~., tbf,ro u lI~ cbaD.&;I.u lbf ieo~c Lr)' c /I:Io llif~ ' Q
· lb ~;fbycbt-DiiDI 'lbf 'd~tribulioli au:d qu~~tit1 tbat aci.u ~ny cOlltac~; the Iriniod", Tbt ;~nd .
, rac~or .u ~~f 1l0IlUDifo~:niL~ 'Or distri but ion ~~di'a.tfly.an.r tht\'<IOlu tioo bu. bUll ~pplifd ewell if" " "iz
tbe "pp li~a tion u'one hundred p;rcent unllorm. Tbe~ are ecme ad,ditioDal cOlicelltrati on/dil lltioll • .
dtects dl,le to .l~e dirrerenthl rat,es ot,~rPti~ll by tM div:ne ~aridy O~ CO.nllitu'e.llta,in tbe '~ •
' , . , organie matrix . Inc ayjllg bark, old dead wood, eew dead weed, conifer ,and deddllolls foliage:
1':," ' follu ,jioo t~, 'C b arCO~I , a n~mal dl~~s aod m~" f1 ~t ooly absorb aol lltioll~ ~t ' ~i;rmlll ut~ bllt
I'.~ ~ve C~Ofouflded some of th.e lfl3Irtica.l, la~.ratories 10workin' .witli a~cb .~ m~t~ix (pel'l!ona'l .- .
· cod!ll\PlIicat ioll:Dr. lao Borthwick, Et.~Rese3 rcb Laborat oriu , 11 83;Dr. U llcoh, Reyllofds, • ~ . '
d llt ario R"~arih Foullda tioll, ; 98.; Mlcb~~1 'sb rev e; 'ien ty iil~ AgrICUliu.l::l.i Pta lici; es L: tioralor; .
1.984'). Tb i! latter c~od it i01i is very.importa~t in Itre~hs tbt, evee a pe rt~tli ulli(or~ he; bicide'
applicat ioo termillatu oDce,tlle.pe,tidde is ll:ppli~d- aDd begins to!l!O~~ ~n ~bl,llu~h th~ loil.
, Alloth er topic far disc~!aioo COllCerll! the {«ov ery r;l.tu wbich,are li;nited hy' n mple .
prepara tioo and lhe ailalytical tecbn ique~ emp loYfd. Th~ resulls or th ~ Ipik~ tm~ j;r'eStnled ill :..:. ...
,Table .,;~~ p~,,~ ~g i re discusllt,djpa ;~' !n'~ubs~~ tioo . :0, ph~~ 7,7, TIi~ :".b, ~ tb is co~t:.l.t, i~ .. '
luWen to begin witb the premise Ibl,if blind Jpib rt,!lult!Illow . r:t.rt ie ot ,valut5 that ~re •
~ u bstaQ tian~ 4 itrer~ nt rr lltlt'tho~ atated by th~ lib~ratoriu tllell i;~Ult-br assu:ed,tha'~ I
, ' ~tco~~ 1)' t~\.Jatu :lfe '~nOlber sou rc~ ror.er: o.r, f'lS.'is c1e ~.rli ~;~pr?,~ , i ~"T~~le ~!1~ o~ ..h ic,~. ~ ~
ah~wa how the recovery levels tOll.tl :lo3t between lbe I3boratllry ,pikes anJ. th ~ el perimellto r · ~ •
.'sPikes. he I~tter lo iti~ted by th e sutb~r but analysed b,- tbe "'~elaboralo riu. Fo; oJjc'amba, .
· ~ht. 'O~I:l,ri: H~a~ a;ch f oundation reported valu~a r:angioR: trom~' .to ~~,~ .trit~ i~ mucb "re'ater >
.. Ihall the ,pik~, tut ,valuet ot 27 and 43 %.' For.heu.doooe, the ~ent.,i11Ii ' Alr~u·IlQral Putiddt~ ,
LaJrato l)' rtpn rled reeoverlu lao "ing !rom 78 to 00 %wh~h is not IlIb8t:l.1:' t;aIlPdinm~1! rtom
.th~ tnt re; ulta·or 78 throu~b 120 %(meaD_ Q7%, 0 - 6). Ell~co co;, ccttd'."thet:bui6iurol) ~ '.'
,;,.r",,,.;,,,,b,"b,I" .,•• " " I,....I,...,~Irl" ...m,.b" ;"'''U',, ,"1':')::: '
l u st valuea.or 110, lIb, 120. aad 130 %with Ellb~;'~ltI:OVtU r~tea. Slmil:arly, D~W .~O .t ', ~J~~ I _. ~. '
plcloramdabrorreeovely ,lI1l1tbryltated lbaltbed:l.ta ~.w:u adjultfd tor allaverale re tor
00 % .~b ieh ill m'ue'b lower than the l pike ruuita raollnlr;omI07\o 170 % (mull.' - "148%, n _ , .
7), AIlQli er a: ptc t ot residue recovEry, ~ a ,ollr ce for bins, wb'ieh cOlllidUI Improper IIm.~Je 0 ' •
• preparatjpll it 8iscuue d in Ibe ~pike Sample .Sect loQ~ 77, ' . : ' ,. , :' : 0 '" ~ .
· . ,FiDalll ' ~here I.. p,o.~lcm orlC.1e whi,chrna)' poJlIibly:bc compo.uJfd!!by tlielOurc~.. 0.:9
' I$ '~ ' .
" : , :- f
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r ll llmr;'ud '~bou: 1'\ ~ tu b r problr~' iI preteDt ill mallZ lurai ait llatiolll where ~Grmai
..~,~ , .,;. bmI7 ;K"~ ,ri.. r~ {'"J,' ~ell ~ltr?C"l atill l to the P<lPllb.& 1I
tlli. error.i, mllh iplW b,lIOme ;eprtH lltaliYe rrae.tioG':n:~te.tilll'"1he error ... d thllt tbe ' •
n preu ioll'~ ":eU" .n~ t,tum il~:nll t ~". ample y..,b hilily • orL.e1l•...lImtd to lit..m aD, it lo t
1t, lil~, aDatoold tller'er!," be'il ll0r;d. A11lIOll,1I whea lal'll~ yuiabillty ~ t~wlI ~ eOll t lil _
,lttt erron , t lln -the t~ term may il~ rnu to Iltlt illie~b' lilllUlCl llt !tye!.hiell cO'll1dlead to
eitllu ..~ a1ph error, UJ,h deciJiolls.to reject .• b~1 tbe lIyJlOlhtl u ill tTle, or a kfa efTO~ it . •
.;ailll' to reject .h~. tlle lIypothetis iI' ia~. ODe Iimkatioa If a compotite . ; m·plt ill the lti t of
~IIY mtU ll;e or u riahiliI1 ,btt"':« 11 lamplil l lllllll~ hue.. prohahilit, n il Ollb' bf disc ll~~ Ill ,~
lIoml~a1 cOIII,ext. I~ t~t. u u the profllbilil1 or'a~, II (.8Jerror it mor, liktb' thaa a 2)p. 1(0)
eml; ~-th~ rnul t.t ~re 1I0.t bell' .r~.t~. ~~we,. e r, bee..u" the . sult.t b ve rnealed (cr talll
."ldnl p..Uerlll, ther. II.. bttter ellalU Ib. 1 tb. d,d aioll to aeupl tbem 11 IIconcctrloe n ell




5:3. Herbicide Use. And Forest Management
SiICe the ,belinnfilg or the torest iaduatry in ClIlada Ih~re Il~ beee ,ross mismalll,emeat or
poor maDagement ot the to~t rellOu~~marily because our koowltdge ot torest ecieece and
« oloU wu smalllMacGregor, 1982; MacdoDaldfl~21). te cootra,st, today, our ltDowledge or
tor~t ecosy~ttms in onsidet ably ila"CU35td. Pllottof tll:i. knowledge is a vast stolthil uJe of
m~1lalemut tec hniqu,e& iD ~ludiug ~ i_te preparation , Ill~n~in i, tettililen and pn Ueiati . FOfen
m:l.llageJ'llview her bicides as ames~en t i:r.1 eilficulturallool tof vegebtlou cont rol. Thus, het bicide
behaviour in . nib can provide crud :t.1 informatioDtor tht! t use or nonule in tored management '
~t~~ leiie& : ~.,r b icide use eau m~ke a solid con tr ibuti~1I to the forest indu1try,.~ut oI ly whl'1I
,b~a011 lou~d C1. r..logical pr,inciples ao~ used from a sta ndpoint that hu long term 1~!3! and
. _ eeenemie beneti ts il min,d. Otherwise, probleJn' caBbe expected wbicb lire to 'liTonmenta lly
darmrglo ' 'Of e<:~nomically be;ll~d resolve l.? o:'tiog alld Reed, 19H ; Nit~ ef5D b, 1066; D~mma ll,
1967, Likens d dl. , 1970; Hall alld Richardron, 1072, Jordan.' d d/., 19]2; Ricbardson and Hall,
19730, 1973b: RlehardllOD, 1916, 1079a, 1070b; T amm, 1076; Whitt , 1919: Kardell, 10S0; Borinl ,
d aI., ~981 : aDd CO'li';gton; IV81}. "I .
Forest aad lel~ted ind u5tTies ae~oua t tor 10 ~ of emptoy.men\ in.ClIu da a~~_ Dl~o,t .:LL-..-
~uc b. er our gro,. ~lIt iollat prllduet :. One und~irable compllcatloo whirh may arise from .»
'. i~proptr, foreat ~angement,_c~m~unded tbroll,b berbicide lise, is tbe eommon Bilvjcultulal
eeeeuee of scariCyiol, T his ~ where tbe minera l,.oil is exposed all a prep:aration tllr planting
trees, It is detr imental wit.h re,ard, to herbicide liae'~ibl as it tebd. to durease th~ orl~n ic
matte r eootertt ot theeo il. Tbele.rore, lot only would th e nutr lellt-r icb ofganie matter deerellSe
• but ,lhe poteDtja l for herbicide le:u:hinlw .ould al!o !acrealle, T hlisl itu atio.~~omplic ated turth er •
wilen it is known tbat eertaio tree . pu ie. n cb all black , pTuee p.reter a mineral bed fOT a bultbX ..1- ~
·" labHs hm~o t. T II'ilIieav~s tittle cbo~e wheo plaating ue ee but to !urify , Henee, wirb e:u:h J
rots t ioll iy, le rep lace tbe depletia&levels ot'orgabic matteT wilb gTuteTand ~, eal e r inputs or .' '
fertili~eTS. Drought may introduce abolher problem, ,Herh~de, are applied on rd atively dry ,
day. , Under dry u mme, ('oDdition., whicb tend ~o be wa)m~he ~e1bidd" wlllr cmain mostly on
tbe surface~ubj«tio l th em to phot odelr ad. t ion aod volatiliuliolll a . ilua\ ion ,wbich iBwasteru.1
and may beullbea rlhy.
• It may be nr'lled tb at mllnll~1 rather th n ehemie~"tbinlllnl of ngctat loo it preferred.
·However,1" tin \ n~rience in Quebec (80'Cbuk, IgS2) indl'l:ale.--;be oppo. lte where 10 lhe tin t
yu r of a live year, 1675 mililoo tree pll/ltlng lOll.bl1l5h de~r iD I prOITllm, 200 Ilt MlD jobs weet
untilled because they paid the minimum .... ge e r S160.00/ll(eek. Leu thaD 00 %-of the Kbeduilld
wort ('(lllld be ('~'inpid ed. Refllreated .reu may ;~lIlrt thlee or tour In.llu ai bruahdeerin,...
, oppoaed ta ooe or twq ('hemlcll treatme'nu . Finally, the eo. tli or mtllUlI blll.1I d~ar11l1 ban •




Tbe ule or herhicidM to con tttli ull!~e~e'tatioll lJ III iUtlt 'Ililt a lolutio~ to tbe IeVCtc'
problenil radnl our tornt lodustr i" today. ' Today ,torel t malll le n must deal with D'crmaturc
un·aled Ita nd; wbleh arc lu&Ccpliblc to budworm: lOll desr adat foll ill hm~~~oui~ai ll ou s
terraill wblcb dectesu- eornrnereia l productivity or delirable tr~ea. very deeee mal.ebltlelt type
rorettawb leb arc prolle W wiodtLrows, bo\ , rouod nreealld'arc or a.a~eollomically ua,i able ab c,
alid the IoMOr rorutedl"Ud tb roU'h tbe barvntill ' O r mar'iDallr-~ucti\'tSItcs Dot :.eapa.ble o f
pro~r lelr.reseoeratioa. Tbele pr oblems~historically rooted ~D';fll, til recently tbe ~'isiOIl or a _ l
wOodlaod cornucopia.in Callada has beeothe inertia.wbicb has allovled~ managemeot or
mlsmaolltemeDt or out rored lands to pmlst. Indeed, Sir JObllA. M~dollal~sho.~td sreat
foretisbt eObCerlling our rorelllill a letter writttll 10 tbe premier ot Olltar l~ ill JUlie or 1871:
. The lisbt ot the tmmeese m:Lll3eSor t imber passi'ns mywilld ows e'ery moroloA
cooltantly suu ests tom y miod t be absolult llcceuity tbere is forloo kiosat t b'el utuie
or lbissreat, trade. We are le cklessly dClt royins the t"hnberofC&tIada, ai d there 'is
scarcely a possibility nr replaciol it. ... Th e Domioioll Go'ernmu t, havlos DO lallds,
bu 00 direct iotereat io the l ubject, hut itleems to me that it wollid be a 'etr sOOd
Ibiol ror the two GoycrllmeDu of Onlario and Quebec to isl ue a Joillt Commission 10
uamille the whole lubject a od ~o report:.
ht-As to lbe h-It mnn or cuttinl the timber arter lome r~su lated pl:III..,-u ill
Norway and on tbeBallie; . '
21ld. AI to replantill.S 10u to keepup the supply as in Germao)' alld Norwa)',lUId
:ird. AI to t he beat·mesal of proteetiol t be woodl from rirt s. ...
(Pope,I~2I, p.147j
Callada has (o rne 1 10.01 way: we are quite proficient at fi,h tiol rires. However, io 1982, C~o~da _
was importill.A telephonc poln trom Finlsnd and railwa~ ties tr0R!- Malaysia (MacCrel Ot, 1982,
pp.lO-14). In 1118(1, Canad islll rna)' dillc~\'tr thd we are importinAeucalyptul cellulose from
Brad l, where Kimberly-Clark Corpo ratiOn--is .uaioAit to replace tbeJllOre expeoli,e Caoadian
lotlwood fibrel ul ed io manorutprioS "disposable diaPfrs and twue s lKioA,108(1,p.C8j. Why are
our ribre. more n::peoliver IsIt beeause ot poor mallilleme~t ill the pastr A better quesllon 11I.31
. beto ult why Br:niliall.ribrel artthtaper; isi t b«ause oro.'e rexploitation oftheltopi1:al
r:iotoreltst Ill.bulb cu . s the aOl wer puiots to pOor maoasemnt wbere tbe o¥erexploita ' 0 11of
lroplc altortltstod~rfllembleltbe abusi\'texploitatioaof Call:u:la'lfortsllln )'tan t.
M:.cdobald'. th oqShu ,were well rOllnded ror th~ ;bi't;;!oe(;"11' slroblll ), the ' S timben '
" whleh"~l\'e all but dlsappur~d u .. lubs~aoti al compount"OrCaoada'i commertlal tOl~t
' lndult l')'. The cull l~ltI ot yuu.yelt hue beecme Canada' i prime Ipedes tolIay. .
n. Id~ntlnc and t~hnolo~~1 k'f"ledie 10 Improve ror~t manasemnt dOetulst (Swan,
IQ(lII; ProceedllllJ Cornell AlrkullFl~W.alIte Manasemeat Cooference, 11178; Minckler, 11180;
Da"~I. 1986, pp.11I!-180). 'Over t~e Ialltdecade, CanadlaDs bave become a"ale or tbe oeed tor ~
wi.. maollemeDt tbroulh Wilesaueh u tbose raised by MuCreior (1982), Caoadlall PI~




path tortbe lorut IDduat'y would be tbt wlUcbtakes. 101l, -terllJ, Illtel raltd Ipp roub to
. maD1sement: Me lratrd II the sellaep:lolUyuprwtd h)' Parlter (IV72, pp,411.412) lIldTlCbir!cy
(1072, p..l07) ~bt,e~)' ad,,:oeat e a cornprchfll5ivt .yalem, appro ach as III 'Irkult~rllcloP
p ;owti~~. · This . 110......tor-both chemical aDdmaillal brush clUri DIwbere appropriate,
'eoDcurfenti¥ t trMli1 tor aD. tell. omleaUyre~ible. I.ot, 1bfololiul control prol,.m . 'Wlth tbe
blopb]alnl alld ec~101icaI kllowledlc or lIallltal l)" lema, aad seued . il.,ieultul. l pracllc~,' UO~
. . .. " .
pohible aDde eee••:uy to utiary IIXkty', ..ced. &Dd ..t"uard them tor Ifllrrations to come.
" . ~ =
&.3.1. Ret om.meud.tIeD . tor Future Herbicide !l euarcb .
• . O~pelldilll OD the Irubiol cbnactrrbtk~or the peatlclde, 01 tbe purpoH or t be 11rnp1iol •
prol,l.m, tber~'n~tr"be tbe be~ toumple soil' to Irester dep.tb; th o t he nltom:u~ 15 emlS,
e!lptci:l1ly wbeo t~e ltae~rcb eoocerol toxic ucumul atioo ill soils or tbe contamloatlon of •
Ir pun4wt teM. hI"lueb cu~ the 10i1 lbo~ld be u.m·pled to ODe hori~o'o or iommeohl depth .
Irea ter tbao' Ibat l us~ted or cOllt~iriiol mi~ues.
Tbis study bas sbown that Iieibkides ellOleach below t be orla nle eurleee laye r, I lbt iLtbe
qu'~lltltits dtt~cted are ve'1 iow. ~ mellt!olled illo I ubu ctlollo 4.4.1, pile 53, orl:in! e ~aUer h:u
been idtoUficd byoumerous,autboritiu u Ilizoiric3ot IIot for herbicide adlorpt ioll eed ztaph!
4.1ItbroUlb4-1.j,fu rtberuemplifr\hisootlollby collt.rastilllthe ...ery bilhrelid'!.e"lucihi tbe
orguJe LF laye' wltti the lower rts idue valuel io tbe mioerll Ae to C laytil , There fore, it call be •
_ I Ol ic ~11y inferred tb:!.t witbout th~ ?r&a'll!~ lurraet I:l.ycreed its Itrolll ad,orpUYc proJlt'r£i'U, the
~ ror leacbrol t broul b to. lown 1011horiloo8 aod/ or tbe wl ter t able isa rcal ponlbility.
HO~C'le~. iO,o,rder to pro...e tbe defioitivc im~rtallce of'the orlaole layer ... I. bu.rrer or rCl idue
li ot it II .otc tul ry to exemtee tbc Icaebiol palterns of herhlcidel In forta t pOlbob with aDd
. wltbollt allorllo.le lurfaccla,.~r: atopie for turtbtr lt~dy . : '
ExclYatio o pita aTidma~uaJ labour Ire 1.1prellellt a YU1 . implc waYI to Iucerlsfun,. sample
the medium to eoauc tutured o(tu l to~,. !oill, greDter thaa 61) em deep , roulld iti bo,eal
eC~Yltem" Or course there arc. otber teehDlqutl beUer IUlted (or Ilh'e o slte, but.uC,lYDtioa " ,
pit~ eed min uillabour elD be tbou th l ot ... I luhab~: u D iY er~.lt1 poealblf comnioll dfnQmlaator
for resldue It udles h om ..... blch to build eom'plfltin It udles. AUl m I te IDadcqua le u tbey I fC
rtlpo Dllblf for erollleoabmlnltlOIl of n.mpt u . Oltrield type corti have cDmpactloa problem.,
le 'Derally proYI~e lamplel whk h I r, too. ml ll ia .11, tor IOI IYlll, Ife dirr~ull to elu~ ualen I~et
b&~e, tomewblt l!1trt Innfr II,teve, lDd aN limited la tblldept b they ~aa ,~.mplc IIIItOIl)';lOlb.
A rectaulul ar lOllcorer hu beea de~lloed (peTloall commulllcatloD; Joseph Fell'l , Fortl t Ptal
103
. \ .-"
Mau&~mtDt lastitute, IOStl)wh ich ill parUclilarlrwelllUi~ for JOiI reetdue . lud ic. bllt is
re.t~ltttd to ai.aU<ryocr depth.. Soni~ coriDI mccballisml whl~b are.power drlYfl a re 1eccplable
but require ~aebID~ o~raton IUId capital iu nt meDt DOtava ilable to all u aearcbell .
Furtbcrmo,; , 1101all Cl[perjmtD~al litu fl'l l'>' !It I(("-Sible ~ these power driYfllc'orilll ma.cbillc, .
Iu . prc e-uUonaa rtCo~mendatloD 101 herbic:ide use ill ~im i1 ar oo rcaIell, iroomeota, the
eDam textu red roil abould haft a ll'orglln lc surb er la)' t t of approximatel y 10 em tbickllflS or a .. ......
. I da y eOllt t Dt whichsboutdbe at lu at 20 %; the millimum'll fceu arr ~'idcD lirl , 'soil tex~ ural '
e1mu I cia )' loam. 10 !Oils of cool, moist nvitoom eotl th at do Ilot'me~t tbese spe cificatioll. the
wate r lable abould be below a t e l lia11 boriloll of'd: tc ctlon (aee 'lt em l;~ub lect ion '5.4.I, ·page
103) to prevent &111 eha nce of iiolndwatr r contamina tion. 'A.e the data I~"eat, th ese depiba
y"a;1 wilb the pe~ tlcide: 5O,em for diu mb a, 51em fo r ' ebutbiuroD aDd 42 em for pi d oram. ·
Hexlli DCl.De!- u duded here due to tbeprtviously mrotiooedrrasonsrela.tlllitothehil h
a pplication ra te. Tbu. work bas indirectly demou tra ttd ,t.he so rpti'e imp Oltanee of orl anie
m atter , Tb 'is isIUpported by the liler. ture which It a tes thuorpt ive It re oltb of bo th orla nie
~atter aDd el ay 10 lOil-ptl tic.ide ioterlCt~ons. Thul. from tbis work, regui:lt ory orr ieiala.may wish
to consider these reeomme ndatl oDI In ae: ttin~ minim um Itandards for th e sa le use of her~kides:
5.4. Conclusion
15.4 ,I :Surnmary
I. Dkamba (3,6-d iehloIQ:oI)oJ, DClic ad d) leached throulh the rlld f~, horiloos (Lf. At, Bf
and BC) d owlI to , meal depth of 60 em (0-4 of a poasibfe 1 n ile;! cam) du rio, lhe
lotern larter day 3 alld u n t i! ' lime not ,reate, t han d., 312.
lfexuinou {3-ey elohexyl-6-(d imethylam lno}t-methyl-l, 3,5.lr luiue 2.4 ( 1~,3H)-dioo e)
leached thlough t he fi'e ho rl1ODs sampled (L.F. Ae, Bf, BC and C) d own to a mean
depth of 66 em (n _ 4 or . poaaible 6 n lid easea) duriog the period a lt er day 10 i ud
ulltiia time not gtuter lh all day 486 . :At aeaut lonl rr Ilotelbe "depth ofteacbin', .
more likelyrentl: ""tbebigh Ipplica.tloo rate tha ll the na ture of the chemical alld
gould -l ot be eonaldmd her e tor aD.):other.purpo!e thaD what might occur ir an
, accidrotal spllltookpl3ce. .
' Tebut biuroll (N-IS-II,l-dimelh yleth yl)-l, 3, 4-thiadil ol.2 -yIIN, N,-d imetbylurea)
lelt hed through the top rour horh o"l esmpled(LF, Ae, Br and !lC) dowil to a meal
depth of 61 em (~_4 of a po~llble 6 valid cuea) dUlin, the mlerval artel day I n d
betore d ay 6 unt il a tlme Dot &reatet IbiD day 3 10.
P ldo ram (i- am lu0-3,6,e-t rl ehlorop!t0 1iIlc ad d) ICllChed th10U,b the first thrce htlrll9.Da
ILF, Ae ndBf) do"'. In a melll depth of 42 cm (D-3,or, poa~lble a . ,lid eases)
during the period artu d..,. 1 and bdole day Ii '\lotil a tim., Dot , reatcr Ihau day 32
ud elao, specifically00 d..,. . ~ 83.
, ,
2. The orlanlc LF horll oll Is , yu y imporl lnt ltsidue IllIk with a high burterlug cap lcl~y
• (Columll ,Ix, Tahlte U throullI 4-0).' FOIdlea mbl a mean of approx lml tely 18 %
. , . .- . -"; j .,
. I~ "
------~ra-g)Or r"idU"aredet«ttdil1tbeL~~r_Ut.to %ir
two extremelr IOW-CaHS ....e deleted (a-'1). For huallaoae a meaD.close to 83 %
(a-S) of reslduta ate det«ttd 10 th'eLF b.ye,. A.aiD,if DDtlow outlitr is exeluded,
'hill fi lure4ncr~asea to 87 % (a_7), For both uhuthluraa :lDd pieloram; ....bu. DO
cain arc excluded (o_B), tbr mUD pt'fceut of mid..e. detccttd la each ftlpt'ctiv c LF
. bOlilObIs appro.dmatcly 03 alld 84 %.
-v.
3. AUrOllrbe~bicidtl are elavlated trom the At borilo a aad i1I\1vi~ted 10 the Brhorholl
IIIillnucnced by podzolilltioar a pedor;cnie proceu rOll,lIdill cool, btlmld climates
IIlIdercoiif nou. or mixed Yelct atioa common in the boreal «oayltem, 01drcumpolu
cfuntries. , . . . . .
' .fo , The tour ~I«.ted herbicide. b:wc 50 % disappearallce time. which rable as"rollow. : 7
to 1(1day. rorplcloram; 'il to 2S'd ay. tor dbmbll; }'23to 186 ~Y' lor bunilloac;
aod ,2116ormore,dayaror tehulbhuOD. · ,
. ']4.2. Fo u r T~plc. Fo r F urthcrStudy . ' :
10 a ,ealc·tbis experiment can be treat ed u 'a pilot pioj ~ct which b~ ' hnwn tbc a~rdlor •
1 ttb~; .;lldy «lYeriOI a ~ ide' faille ~I topica.• Two 01 tb ell~ Ill~jectl require field work w~Ue one ..
isl ' :loora to!y Otielltcd :llld t.be lul cornbines botb fieldalld laboratotY wo, t.
ros io roru t podzo!s ulldu ll1'ltula,1
TIIis,bollld proyJdedecpive
reaidueaiok . Allcxteosionot
tbis ltudy whieh ebould 0 0 tbelorp tiYe nature ortbe
orlaoiclay er rollowl iotbeaextpar.alrapb.
2. Asll o extenaioaof tbe firal lopic itsbould lM: usd lll tG , ludy diJrerl nti al patt erns of
adsorptioll/d eaorptiollby lbe iadiYidualcompoacllLa01 tbe lorutnoororaloicmatrix.
T~islebor'to..,.atudy Ibould be carried out wit b Ibemlltrix al ditrcreot mlliature
levels and at t wo staaes orcompositioll (rouably,dc filled iDaoillermiooloJY uL aod
F. Litt er and Fibcr). The Ir:u:tiolls or th e H (Humus) It lle 01decompoaitlllll boYe
been examined by I Dumber of autb orities ,.esptcially by ~b:lD (I072, pp.1oI2; I 073J,
pp.42o.434;,1973b, pp.HI-U8: ~ 980, pp ,32-36), Grover (14171, pp.H 7-oII8) GroYer and
Smitb (11m, pp .171J..l88)aod, Madhull d lIl. (1086, pp.6~.68) who bave "'orted
eXlensively on bumic and ru]vic aclds, car bobydratu,rcsins, Iianill and eellalcee, This
atudy a]{ould help idenli 'y aomeor the raw materiala(aee lubse cl iollol .oI. l , paae 081 .
responsible ror tbe bi8b variation or or8aDic recovery result" . Tbu. It ahould be
' pou ible to IdentifI tberelativeimport3DCe ""Orr'lnt tbe IOrpt iYe cap3citic, of the
componenLaortbeor&aoicmatrlx. •.
3. Import ant practical iorOmlatioo on apray applicatioll criterb, Ibould be aaiRed irone
..... to examioe luchial PIUUDI ia the field.to the depth or IroUDdwater. Tbi a
Ibould be c. tried out hI l ampUol ,oil water (Ieil,iometerl made or lUIappr.oprlat e1l
Inert mlterlal), aroundwater (drillioaltill wella) ead the loil itlfl' (eI cavation pitl).
Thla Ihould supply I more accurate baleaee shcet as to tbe mevemear of berbicidel la
tbe naturalilOll eovlroomeot , •
4, M all uteaaioDof the fill t lod t hird to pfu more det ailed knowledae on Ibe leacblnl '
bcbavlourofhe rblcldcllbould be obtained bya tudy ioalbe movcmc ntorberblcid tlln ~
~I~tlvely uadilturbed loll COhlR! rll uade r eejected.uvi roamenlal eondit ionl. A " ,",""
:~~~oc~:I::I;jibhld:~I;:rtI~c'h~:a;:;:;i::::.u r:t' 1\:~I~i~tW~~.~bf~~o::;~
leacblol or compoundl tbrouah loll columal , (omparlna tbole wllb alld wltbout tbel
oralnlclur facc lly er. In additlob, tbe umpllol or lOiI water, 1011 and ICJchtes lbll~1d .
_ \ 10. ' . • - •
ad .. a c1ll«" ~D ;111' rli:ld leacblUllt.udr ~eD~loDed aboye. 'ThUI,' the I'i~~ ~Dd tblrd
field ItudlelfllUmeraud 'OOVt Ibuold beUteUeo.t testa of tbe pbrl.cal nalolue •
model dueloprd IDthe,r«llboule.
i
· i ....I.~ Btate~.nt " _ . . i . . . ,
,. , , ~
~her~ .~ DO i1ollbt. tbdberl)idde~ e"PI"I~~ .loo.'locrel8iu1 role I~our ~OC[d1 aud tbil.t~y ' ", ;. '.
~lI.fbrOolbttotberorelrOQlld t""o Imporu.atpolllul9rilldultl'J lodloTeromeottocoulider. ·
Fint, lbe crilical role'or orlaJIicmatter u • liok tor aCllalc_compound' probab\J iDef,."
MUnt ~IOJa aread dle: welldr.hitd, m~ium to eOlfM III textureud or r~t ~m~~ra~Qr~
rc,hnN: coodillolll that ar. coodorlu to ~be le.cbio'. atarlnic campou.d, . ThuI, tbe I«ood
• POIDt~ollrer.lliai pmb~lIce arile•• Wi~h- ieacbi~1 belowtheci'......le LF borilo~ a tact, tben
· oodetillbk cOlltlmlDIUofl b¢lowthe LFleyel!! a l!2!!i!!ili!! tha& muat ,be examined furthu 110
'tha t the potential for tox.ic ~cQmlllatIoD' ill tficold,.ac'id, d.rk ud urobic/"urobie
· eDVi;o.llm;nt o.f 1011/lroll~dwater '.'~t~~a Is ~drePed. Thif a&ud, indicates that tbe .bo vt
C.OIICfllli are ' wrlolla Ir berblelde llie IeDot properly maDascd, jllat as rnl as tb~ des rad ,UoD of
~llr fOl'lt ' relOQrc~ 'Il" tbey .rc ' Dot properly mill~std : h CaDadraDI belill to rullu 'the a~d Tor
"iu ~~aa&errielll,oftbe laad for rOlf,I'7' ~bel willreco&alu tbat tbll removee it.crom I _~
wilderaeta ab te t.o a at ate of cO.lltr~I..~ot :e~l ~irr~reDt born tha,t or f.rml20lld: Helice , 'WheD:\h~
pQ~lie,'a pereeptiollo'.wh:at cOllstit!!.te. Cailad.'Hommerdal roreat laada impro vel, tbe ,,'e Ule of
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Appendix <? .
BMDl' Computer Programs For
Descriptive Regression Analysis Of
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